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PREFACE TO THE SECOND EDITION, 


Tue premature decease of Mr. J. G. Swindell, at the com- 
mencemont of a promising career, has prevented the subsequent 
editions of his useful work from receiving the benefit of his 
care, or from recording the results of his more extended obser- 
vations. 

It was with considerable hesitation that I undertook to 
revise the work, because at all times it is a matter of delicacy 
to alter, or correct, the productions of a professional brother; 
it was especially so in this instance from the sad circumstance 
of Mr. Swindell’s death. Moreover, on some points of detail, 
I did not entertain the same opinions as Mr. Swindell; on 
others the limits of our knowledge have been extended since 
his decease, by the researches of scientific men both at home 
and abroad, and by the results obtained in the numerous 
works executed in different parts of the country; so that 
forcedly this treatise is to a great extent altered from the 
one he left. 

The objects I proposed to myself were precisely the same 
which Mr. Swindell stated to have guided him in writing the 
original Treatise ; viz. to condense in a general practical man- 
ner many subjects connected with Well-work. As he said, “it 
would have been easy to enlarge upon any of them, but to have 
done so would necessarily have entailed a corresponding Jgss of 
matter in reference to the others. To avoid this on the one 
hand, and a mere superficial uninstructive glance on‘the other, 
has been the Author’s aim. In furtherance of this object, the 
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remarks on executed work, contained in the seventh Chapter, 
have been added. These precedents show, at a glance, me- 
thods of detail and arrangement which, if remarked on gene- 
tally, would occupy much greater space; they also form a 
nucleus for observations which could only be brought forth by 
a long process of reasoning in any other manner: again, they 
serve to bind and connect together, by their very particularity, 
considerations which otherwise might pass unheeded, on 
account of their now apparent applicability.” In the second 
edition a modification has been made in the descriptions of 
these works by suppressing some, and introducing others. It 
might have been objected to those originally inserted that they 
were nearly all confined to the practice of the neighbourhood 
of London, and it appeared therefore advisable to introduce in 
a work of such general circulation illustrations of the course 
followed and the results obtained under a greater variety of 
circumstances. 

I have, in this edition, endeavoured to preserve as much as 
possible the text as it was left by Mr. Swindell, merely altering 
what appeared to me the faults of composition. The spirit I 
have endeavoured to retain, the letter only has been modified. 
The alterations are, however, extensive—and indulgence is 
craved for them on the score of the difficulty which always 
exists in a second party’s placing himself in the same position 
and in viewing a subject from the same point of view as the 
person who has gone before him. 

More copious information upon the subjects treated of in 
the following pages may be found in the communications of 
the Abbé Paramelle, M. d’Archiac, M. Hericaut de Thury, 
M. Garnier, and M. Emery, to the different scientific publica- 
tions in France; in the more decidedly practical works of M. 
Degousée and A. Burat, from both of which we have borrowed 
largely. In the ‘Traité des Irrigations’ by Nadault de 
Buffon, much valuable information will be found with respect 
to shallow springs. In our own language we can hardly cite any 
other work than Mr. J. Prestwich’s ‘Treatise on the Water- 
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bearing Strata of London;’ but it is a host in itself, and con- 
tains proof of a skill, judgment, and careful observation which 
justify our regarding it as a model of practically applied 
science. From the detached papers by Mr. Clutterbuck and 
Mr. Dickinson, in the Reports by Messrs. Stephenson and 
Tlomersham, much valuable information may be obtained; as 
also occasionally from the Reports of the Superintending In- 
spectors of the Board of Health, although the inferences drawn 
by the latter are always to be received with caution. 

The reader who would desire to study the physiological 
influence of potable waters—a branch of the investigation 
which has only of late attracted public attention in our own 
country—is referred to the writings of Hippocrates, who knew 
quite as much, if not more, of the subject than some of our 
modern authorities. In Thénard’s Chemistry ; in the Diction- 
naire des Sciences Médicales; in Haller’s Elementa Physiologie; 
ina ‘Traité des Eaux Potables,’ by M. J. F. Terme, of Lyons; 
in some communications to the Académie des Sciences by 
Messrs. Chossat, Dupasquier, Berthollet, |’ H¢ritier, and 
Tissot; and in the communications of Dr, Angus Smith to the 
British Association, and in the Report of the last Commission 
named by Sir G. Grey to examine into the qualities of the 
London waters,—much valuable information will be found upon 
the subject. It is worthy of remark that the Report of the 
last-named Commission is directly in opposition to the doc- 
trines which the Board of Health have sought to inculcate with 
respect to the qualities of water; and in this it is perfectly in 
accordance with all that has been stated by physiologists from 
the time of Hippocrates to the present day. All, or nearly all, 
authorities of any value agree in considering that waters hold- 
ing the bicarbonate of lime in solution are the most wholesome. 
It appears also that the rule sought to be laid down that ‘the 
nearer the source the purer the spring” is very far from baing 
of universal application, and that great danger is attached to 
the system of storing water in reservoirs. Such discussions are 
perhaps out of place ic works like the present, but it is impor- 
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tant that the public should be made aware that the Theories 
lately propounded are far from being received by scientific 
men. 

The whole question of the physiological action of water is 
very ably treated in a ‘Traitd d’ Hygitne Publique, par Michel 
Levy~ 


Gero, R. Burxerte 


WELLS AND WELL-DIGGING. 


CHAPTER I. 
PRELIMINARY OBSERVATIONS. 


Tue practice of obtaining watcr from wells is of great an- 
tiquity. In the Scriptures, the earliest authentic record of 
the human race, many instances are cited of the importance 
attached to them in the burning plains of Syria, where, from 
the accounts handed down to us, they appear to have been 
mere excavations in the sides of rocks and hills in which 
springs of water werc plentiful, the water rising so near the 
surface as to be reached by a bucket attached to a short rope. 
In Greece, this plan for raising water was common, and in 
many cases the orifice of the well was finished by a cylindrical 
curb of marble, which was sometimes beautifully carved. 

The method of boring for water is of an antiquity very nearly 
as great, although the precise epoch of its introduction is un- 
known. In Syria and Egypt, it 1s reported that many foun- 
tains fed by waters obtained in this manner exist, and that 
the grcater number of the oases of the Libyan chain owe 
their existence to similar works. M. Degous¢e mentions that 
he delivered to the Pacha of Egypt a set of tools for the pur- 
pose of re-opening some of these wells, whose original con- 
struction probably dated some 4000 years back; and when 
the works were completed, it was found that the wells were 
lined with brick or wood. The details of the method used in 
sinking these wells are not known. 

In China, however, the system of boring is ascertained to 
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have been long practised, and a French missionary, the Abbé¢ 
Imbert, has given an account of the methods there adopted, 
which is (as M. Degousée rather dryly remarks) more cha- 
racterized by credulity than by discernment. It is quoted in 
Degousée’s ‘Guide du Sondeur, ou Traité Théorique et Pra- 
tique des Sondages,’ as follows : 

‘There exist in the province of Ou-Tong-Kiao many thou- 
sand wells, in a space of ten leagues long by five broad. Each 
well costs about one thousand and some hundred taéls (the 
taél is worth 6s. 3d.). These wells are from 1500 to 1800 feet 
deep, and of a diameter of from 5 to 6 inches. 

‘‘To bore them, they commence by placing in the earth a 
wooden tube of 3 to 4 inches diameter, surmounted by a stone 
edge pierced by an orifice of 5 to 6 inches. Then a trepan, 
weighing three or four hundred pounds, is allowed to play. 
A man mounted upon a scaffold depresses a lever which raises 
the trepan 2 feet high, and lets it fall by its own weight; the 
trepan is attached to the lever by a cord of ratan, to which a 
strip of wood is fixed; a man seated near the cord seizes this 
strip at each elevation of the lever, and gives it a half-turn, 
so that the trepan in falling may take a different direction. 
The workmen are changed every six hours, and the work goes 
on night and day. They are sometimes three years in boring 
these wells to the depth necessary to reach the springs they 
are intended to attain.” 

Almost all these wells give off considerable quantities of 
inflammable gas; there are some which yield, in fact, nothing 
else, and which are called ‘fire wells.’ It appears that the 
Chinese employ this gas as a combustible; doubtless it is 
nothing more than carburetted hydrogen, such as proceeds 
from coal mines in combustion. If M. Imbert may be be- 
lieved, some of these wells are not less than 3000 feet in 
dejsh. 

In modern Europe the art of well-making was long confined 
to the simple operation of sinking circular shafts, until land- 
springs were met with; at least in the greater number of 
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states. In the province of the Artois, however, the use of the 
boring-tool appears to have been generally known and practised 
from very early periods. The most ancient well in France, 
whose date can be authenticated, is one at Lillers in the Artois, 
supposed to have been executed in 1126; and in that province, 
the facilities for this description of work are such, that a well 
is to be met with before the door of almost every peasant. 
In the north of Italy, at the very commencement of modern 
history, the arms of the town of Modena were two well- 
borers’ augers; and a professor of medicine of that town 
published in 1691 a treatise on Physics, in which many 
interesting notes are to be found upon the nature of different 
strata and water-courses, upon overflowing fountains, upon the 
manner of boring for these, and upon the excellence of the 
water they contain. Dominique Cassini, about the middle of 
the 17th century, endeavoured to introduce the system of 
boring more generally; and Belidor, in his work ‘La Science 
de l’Ingénieur,’ published in 1729, mentions the remarkable 
results which are often to be observed in these wells. He 
adds, evidently perceiving instinctively, so to speak, the theo- 
retical conditions necessary to secure success in these opera- 
tions, —“ It were to be desired that many similar wells to those 
obtained by boring were formed in all kinds of places ; but this 
does not appear probable, because certain circumstances in the 
disposition of the earth are necessary, which are not always to 
be met with.” 

In our own country, the first notice we find recorded of 
the application of boring is in the ‘ Parentalia,’ in which Sir 
C. Wren is said to have adopted this precaution in order to ascer- 
tain the solidity of the foundation of St. Paul’s in parts where 
the original surface of the ground had been disturbed. Subse- 
quently, towards the latter end of the last century, many wells 
were formed by this means, especially in the Wolds near 
Louth, and in the London basin near Tottenham; and the 
real principles regulating the flow of water in these wells 
were ascertained, to a sufficient extent at least to allow of their 
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execution being attempted with such probability of success as 
to justify their being commenced. 

The execution of the Artesian well at Grenelle, near Paris, 
tended more than any other circumstance to direct public 
attention to this mode of obtaining water, not only on account 
of the remarkable success which crowned the efforts of the 
self-educated engineer, M. Mulot, in spite of all the diffi- 
culties aud opposition he encountered in the long and anxious 
execution of the works, but also on account of the highly 
interesting discussions and the elaborate investigations to which 
it gave rise. MM. Arago and Walferdin followed the progress 
of the works in a spirit of enlightened philosophical inquiry 
which has led to the solution of many highly interesting laws 
of nature hitherto involved in mystery ; and at the same time 
their confident predictions of the eventual success of the ope- 
ration served to encourage M. Mulot, when too many others 
were disposed to throw doubt and ridicule on his efforts. The 
very remarkable confirmation of the @ priori deductions of 
these philosophers affords also a remarkable illustration of the 
correctness of the received theory of the geological structure 
of the globe. But, singularly enough, the lessons afforded by 
this remarkable work have not been productive of all the 
scientific results we might have expected. Because water 
had been in this instance obtained in a position where there 
appeared no natural supply, it has been too frequently con- 
cluded that in all such cases the same results might be 
obtaincd, and that quantities of water were pent up in the 
ground, which only required to be tapped to allow of its rising 
to the surface. But there are considerations affecting the 
supply, and the overflow from the water-bearing stratum, 
which so far modify the question as to render long and patient 
investigation necessary before such expensive borings, as these 
deep wells usually prove to be, should be commenced. Many 
disappointments have thus been incurred in the search for 
what after all could not reasonably have been expected; nor 
would it be possible to cite a more striking illustration than to 
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refer to what has occurred at Southampton. We shall have 
occasion to allude more in detail to this work hereafter, 
when treating of the present state of the science of Artesian 
wells. 

The economy of the application of boring, instead of carry- 
ing down a shaft of considerable dimensions, must be evident. 
A remarkable instance occurred at Mr. Vulliamy’s, Norland 
House, where, after having dug as for an ordinary well to the 
depth of 236 feet, a boring was commenced, and a copper pipe 
54. inches diameter inserted. After boring 24 feet, the spring 
was tapped, and the water rose 243 feet in one hour and twenty 
minutes. The sand also blew into the well 90 feet, thus choking 
toa great extent the flow of water: by clearing some of this 
away, the water overflowed the surface at the rate of forty-six 
gallons per minute. This occurred in the year 1794. It is 
evident that, in this example, had the advantage of boring 
been fully appreciated, and the geological situation of the place 
been accurately determined, much needless expense in well- 
sinking would have been saved. 

In addition to its use in operations of well-work, boring is 
of service in a variety of ways; for mining purposes, railway 
works, examination of ground, such as in the case of a doubt- 
ful situation, testing morasses, and other such works. The 
reasonableness of its application is self-evident; a few pounds 
spent in boring may save hundreds which would be expended 
if the operation were to be neglected. The accounts that are 
sometimes given of the quantities of ground swallowed up in 
fillmg a morass, so as to form a railway embankment, will 
occur to all as so much waste of material and labour. Gene- 
rally, after a sufficient quantity of earth has disappeared to 
make the work assume a very serious character, a different 
method of proceeding is adopted. Now, by boring in the 
first instance, so as to ascertain the exact nature of the greund 
to be traversed, the right method : obviating the difficulty 
might be at once ascertained. 

The application of boring to pile-driving has been attended 
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with great success in France, and with a considerable dimi- 
nution of the expense attending the ordinary process ; but it is 
evident that it is only economically applicable when a certain 
degree of difficulty exists in driving by the monkey in the 
usual manner. In the ‘Guide du Sondeur,’ &c. before 
quoted, is an account of the boring operations carried on 
for fixing the posts of the electric telegraph from Paris to 
Versailles: 476 of these were fixed in their places in the course 
of a month; they averaged 3fr. 50c. each (2s. 11d.), some 
being executed in hard rock. As the ground was undis- 
turbed, no necessity existed for masonry to consolidate the 
posts, which were let in to the depth of from 5 feet to 6 feet 
6 inches. The passages for the tying-down bolts of the 
bridge of La Roche Bernard were also formed by boring. 
Indeed, the process is applicable either under water or on 
dry land, either in a vertical, horizontal, or inclined direction ; 
and though its cheapness is most apparent when the hole is 
comparatively small, yet it is sometimes practised of a diameter 
of many feet, if the situation should not admit of excavation. 
Such a case as the above is frequently to be met with in well- 
work; thus in sinking iron cylinders through sand charged 
with water, the water must either be pumped out, or the sand 
bored through. The latter will always be chosen when the 
rush of water is great, or when the pumping becomes expen- 
sive. To enumerate every case in which boring can be suc- 
cessfully applied would be useless; its capabilities for various 
purposes, whether for wells, for draining, mining, building, 
or purely scientific purposes, being now ascertained, every 
engineer can judge of the circumstances which should dictate 
its adoption. 

There is, however, an application which is not sufficiently 
known in England, notwithstanding that an account of it has 
apptared in some of our professional journals; it is in the 
formation of absorbing wells, by means of which the waste 
waters of some branches of industry may be removed by 
their being carried down to an absorbent substratum, and some 
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curious natural laws have been divulged by the experiments to 
which such works have given rise. 

Thus, it has been proved that a well can absorb a quantity 
of water equal to what it yields. If, for instance, a boring 
yield 100 gallons per minute, and the water cease to ascend at 
3 feet above the ground, by merely lengthening the tube 3 feet 
in addition above the permanent level of the water, 100 gallons 
may be continually poured in per minute without flowing over 
the orifice of the tube. If it be desired to make such a boring 
absorb say 500 gallons per minute, a pump able to raise that 
quantity is inserted in the well, and notice is taken of the 
depth to which it can lower the water-line. If we suppose it 
to be 15 feet, for instance, it will be sufficient to place a 
column of that length above the water-line, and the boring will 
absorb the quantity of 500 gallons. Should the water-line be 
below the surface of the ground, the absorption by this de- 
scription of well may be indefinite. 

Care must be taken to prevent any solid matters in suspen- 
sion in the waters proposed to be absorbed from being carried 
into the boring, or they would rapidly choke it up. Precau- 
tions also require to be taken to prevent the contamination of 
neighbouring wells. 

It appears upon a retrospective glance at the history of wet- 
sinking, that its principles of execution are unchanged, but 
that the practice is by no means so; and that both as regards 
their mode of construction and materials, considerable modifi- 
cations have been introduced. As the art is now practised, 
wells may be divided into two classes,—the common, and the 
Artesian wells. The former are dug, and necessarily of con- 
siderable diameter, through the strata near the surface, to the 
spring itself, and are supplied by the filtrations of the imme- 
diate locality ; the latter (named after the province of the 
Artois, where, as we have seen, they have been resorted go for 
many ages) are not dug, but bored through such retentive 
upper strata as may: overlie a permeable stratum, the outcrop 
of which is at a sufficient height to produce a hydrostatic 
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pressure upon the springs sufficient to make them rise in the 
tube of the bore. 

In carrying on boring and well work, a great deal of practical 
information applicable in other operations, and interesting in 
reference to the one going on, may be embodied by keeping a 
correct journal. The one here given is copied from a Model 
Journal by M. Degous¢e; and had such journals been always 
kept during the execution of the numerous wells lately 
sunk in the neighbourhood of London, by comparing them, 
much valuable geological information, and certain questions 
relative to the rise of water in wells, might have been ascer- 
tained with greater accuracy than hitherto. When a well is 
merely dug, of course the columns relating to boring-tools may 
be omitted, and when boring does take place, the list must be 
sufficiently extensive to embrace all the tools likely to be 
required. In the accompanying form the columns are filled 
up nearly at random, but sufficiently in detail to show how 
such a journal may be kept. Boring-rods have usually their 
lengths numbered on them, so that, if correctly screwed to- 
gether in their proper order, the depth of the hole may be 
readily determined at all times. 
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CHAPTER II. 


THEORY OF SPRINGS. 


THERE are few branches of Natural History which have given 
rise to so much discussion as the theory of springs. The 
explanations which have been offered of the phenomena they 
present have been innumerable: some are partially true, and 
applicable in certain cases; some extremely absurd. It would 
be beyond the province of this work to relate the steps by 
which our knowledge upon this subject has assumed its present 
form, and it may therefore be sufficient to state that it is uni- 
versally believed by the cosmogonists of the present day that the 
explanation of the flow of Water from springs, whether deep- 
seated or superficial, is to be found in the fact that they are the 
lines of natural drainage; in other words, that they are sup- 
plied by the rain, hail, snow, and vapour precipitated upon the 
earth’s surface, and part of which is absorbed thereby. A vast 
circulation of water is thus kept up. The rivers and streams, 
supplied by springs, in their turn contribute to supply the sea, 
which, together with the water generally, supplies the atmo- 
sphere by its evaporation, and thus completes the circuit. 
Though it has never been denied that land-springs, that is to 
say, springs found near the surface of the ground, are supplied 
by rain,—indeed, the fact speaks for itself, inasmuch as in dry 
weather they often cease to flow,—yet, that deep well-springs 
are supplied from the same source has been controverted; for, 
say the objectors, how is it that an increase of rain apparently 
makes no difference in the quantity of water, and, in like man- 
ner, drought appears not to affect them? A satisfactory answer 
to this will be found in the examination of the circumstances 
affecting such springs; it will be seen that they are generally 
derived from reservoirs of porous matter interposed between 
impermeable strata, which reservoirs will naturally overflow at 
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the points where the permeable strata, supposing them to 
assume a basin-like form, touch the surface of the ground. 
The waters which overflow at these points form rivulets and 
streams, and the effect of great rain or drought will be only to 
add to or diminish the quantity discharged by these natural 
channels ; whilst little difference will be found in the height of 
the water-line in the main reservoir itself. The word little is 
used advisedly, because it has been shown by careful experi- 
ments that a slight difference does generally exist according to 
the different seasons of the year. 

A very important point to be ascertained in the discussion 
of this branch of our inquiry was, whether sufficient rain falls 
to supply the rivers and springs supposed to be so supplied. 
From the mean of a variety of experiments, it has been found 
that the annual depth of rain which falls in England and 
Wales is about 31 inches, supposing the same collected on the 
surface of the ground, allowing none to soak in, and none 
to evaporate. In like manner, the depth of dew has been 
found to be 5 inches. The whole may therefore be assumed 
as 36 inches. Of this quantity, part is disposed of in the 
supply of rivulets, springs, &c., and part is again raised 
directly into the atmosphere by evaporation. Assuming that 
two-thirds go in this manner, we have still 12 inches deep for 
the supply of the rivers and springs, a quantity as follows :— 
The surface of England and Wales being 49,450 sq. miles, we 
have 5280 ft. x 5280 ft. x 49,450 sq. m. = 1,378,586,880,000 
square feet of surface; one foot in depth of water will change 
the above to cubic feet ; so much for the supply. Now it has 
been calculated by Dr. Dalton that the Thames drains a tract 
of country of the area of 600 square miles, or about one-eighth 
of the area of the whole, so that if it be possible to calculate 
the water annually discharged into the sea by the Thames, 
a rough approximation to the total expenditure of watergan be 
arrived at. By some philosophers, who have paid attention 
to the subject, it has been calculated that the river Thames 
discharges daily 13,000,000 tons of water, which, multiplied 
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by 35°84, the number of cubic fect in a ton, = 465,920,000 
cubic feet; this again multiplied by 365, = 170,060,800,000 
cubic feet, the quantity annually discharged into the sea by 
the Thames alone: eight times that quantity, according to 
the above assumption, or 1,360,486,400,000 cubic fect, will 
therefore equal the total annual expenditure of the rivers of 
England, an amount not quite equal to the supply by the 
rain and dew, the difference in favour of the supply being 
1,378,586,880,000 — 1,360,486,400,000 = 18,100,480,000 
cubic feet. From what has been said, there can be no doubt 
that in this country the rain and dews alone are quite suffi- 
cient to account for the flowing of all the springs; and analogy 
would lead us to suppose that in all countries similar causes 
would occasion like results. Thus, on the shores of the 
Mediterranean, it has been found that the evaporation from 
the sea is sufficient to yield about five times the quantity 
brought down by the water-courses. Mariotte, and subse- 
quently M. Dausse, have also ascertained that the annual 
quantity carried down by the Seine is not more than one-third 
of that supplied by the atmosphere to the district which it 
drains: the remaining two-thirds of the rain must then either 
pass off by evaporation or be absorbed by the vegetation, or 
serve to feed the under-ground springs. 

The calculation of the yield of springs, when compared with 
the rain-fall of the district, will, in almost all cases, explain the 
origin of the former. The hasty conclusions to which un- 
fortunately so many observers arrive, that the upper lands 
cannot yield the volume given forth by the springs, are only 
to be accounted for by the carelessness which so frequently 
marks this class of observations. For instance, in the singular 
documents lately issued by the Board of Health to explain 
the scheme for bringing water from the green-sand formations 
upontthe south and south-west of London, it is broadly 
asserted that the streams those formations give rise to are 
greater than they could be if they were only fed by the rain- 
fall of the district. Now, the volumes carried down by these 
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streams were only ascertained by observations extending over 
a few months of one year, and consequently were far from 
giving a true average; and in addition to this, if the area of 
the country supplying the streams had been caloulated, and 
the rain-fall taken into account, it would have been found that 
the effective volume did not exceed on the average of the whole 
year one-third of the quantity supplied by the atmosphere. 

A partial examination of the strata of a district has led 
some persons to imagine that springs cannot be fed by rain 
falling on the earth’s surface, because the latter, in the point 
immediately above the springs, is separated from them by 
clayey or rocky strata impervious to water. This objection 
is of no weight, for it does not follow that because the 
latter are supplied by absorption from the earth’s surface, 
therefore the rain must sink into it vertically, any more 
than in the case of a common water-tank, where the water 
is conducted by pipes from an exposed. surface to a reservoir. 
Now, if in the simile we substitute porous strata beneath 
impervious ones for the pipes, and suppose that the former 
are exposed to the rain at some distant points, an ex- 
planation of the whole matter is at once suggested. « It will 
be found that the existence of numerous springs may be 
accounted for on this supposition, and that it also serves 
to explain the difference between land-springs and those 
called deep-seated. 

When the surface of a particular district consists of a loose 
permeable material lying upon a retentive substratum, the 
waters soaking through from above will descend until they 
meet with the obstacle it offers to their further descent. As 
such waters are not under any hydrostatic pressure, they 
cannot rise above the ground, and, on the contrary, they 
rush into any artificial depression in the upholding bed: such 
sources of water are called land-springs. 

Deep-seated springs, on the contrary, are those fulfiling 
more exactly the conditions we have supposed. Their supply 
is derived from the rain-fall upon the surface of the porous 
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strata situated at a high level, passing under an impermeable 
stratum, which soaks through them until it meets with a 
retentive substratum; and then, if it cannot find, or make, an 
outlet, the water follows the lowest levels of the permeable 
strata, according to the laws which regulate its flow above- 
ground. If, under these circumstances, an opening be made 
through the overlying impermeable stratum, the water will 
rise to a height corresponding with the hydrostatical pressure 
upon it, excepting insomuch as it may be affected by the fric- 
tion it meets with in its traject, or by the existence of any 
natural overflows. All Artesian wells are supplied by springs 
of this kind. 

These general principles may be explained by reference 
to the figures 1 to 6. In fig. 1 a porous stratum is repre- 
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scented lying upon an impermeable stratum, and in this case 
a little reflection must show that the waters would collect 
at the lowest points of the depressions upon the top of the 
latter ; and that if wells were sunk into this, the water from 
the upper stratum would flow into them. In fig. 2, if we 
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covered by an impermeable stratum a aa. and intersected by 
a ravine or a water-course, it must be clear that the natural 
tendency of the waters falling upon the outcrop of the perme- 
able stratum would be to descend to the ravine, unless a 
readier vent were offered at a higher point. In fig. 3, a por- 
tion of the waters would accumulate at c until they rose to a 


Fig. 3. 
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level above the projecting spur in the substratum; as soon 
as they passed this, they would begin to flow over towards p, 
and acting as in a syphon would effectually drain the inter- 
mediate porous stratum. In fig. 4 an illustration is given of 


Fig. 4. 
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the phenomena presented by the alternations of permeable 
and impermeable strata in which no ravine or water-course 
occurs to alter the normal conditions of the water-line. Jig. 5 
is an illustration of the appearance often presented by the 
chalk formation covered by the drift gravel; in this case the 
bulk of the water would lodge in the depression below s. 
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Fig. 5. 





In fig. 6 is represented an ideal section of the London 
basin, showing the configuration of the strata, which serves 
to account for the supply of the numerous deep wells in the 
metropolis. All the water, falling upon the outcrop of the 
plastic clay and sand, passes under the impermeable blue clay, 
and if it be not afforded vent by wells sunk through the latter, 
it passes through the chalk, together with the waters falling 
upon the outcrop of the latter, until they meet the retentive 
strata of the chalk marl, or until they rise to the surface by 
any natural vent. 

The assumption that all and every spring on the globe is 
derived from surface drainage alone, is perhaps more than is 
justifiable in the present state of science ; indeed some, by their 
brackish flavour, at once bespeak their direct oceanic origin. 
It is highly probable that some fresh-water springs do receive 
a supply from, and are modified by, the waters of the sea, 
derived thencefrom by capillary action. When the sea rests 
on porous matter, as chalk, no reason can be given why the 
water should not be absorbed by it, and affect to a certain 
extent the quantity and quality of drainage water which may 
be held in the same chalk reservoir; and this more especially 
when the water-level of the springs is at or even below the 
leveleof the sea. It is natural to suppose this action would 
be felt to the greatest extent near the sea itself—a supposition 
borne out by facts. For instance, a well wall lately sunk 
at Newhaven, in the chalk, by the London, Brighton, and 
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South Coast Railway Company, yielded water which was seri- 
ously affected by the percolation of the sea. Reference to a 
geological map will show that those same chalk hills, as well 
as others abutting on the sea, are continued without inter- 
ruption to the main chalk range on the western side of the 
London basin ; therefore, in a modified degree, the percolating 
action of the sea water must be felt in all parts of the basin at 
or near its level, and which are not cut off from this action 
by any uplifting of the strata under the chalk, as in fig. 1._ 
Hitherto no disturbance of the strata has been observed 
in this district which should lead us to suppose that any 
elevation of the lower strata exists by means of which the 
passage of the subterranean waters might be interfered with. 
The lower portions of the chalk are extremely dense, almost 
impervious, but not entirely, so that a possible though much 


Fig. 7. 
Line of Section of fig. 6. 


sill: « Ss 
ill Tee mas =i ; 


Wie SNS SEES NSS x 
Fa ZI a. 
i == ee } 


ane landgyh 
ae a 


Ss SS pee “e 
el ae 
win 


2 os me was 
= ™ 


MSGS 


———— 





Geological Map of the South-eastern Chalk Range of Englané. 


A Chalk. D Weald Clay. 
B London Clay. E Iron Sand. 
C Chalk Marl and F Plastic Clay. 


Green-sand, G Bagshot Sands. 


WELLS AND WELL-DIGGING. 19 


choked communication between the sea and springs derived 
from the rain being thus established, we may expect to find 
in this water, in a diluted state, such salts as the sea abounds 
in, due allowance being made for various decompositions which 
these salts must necessarily undergo during the progress of 
their filtration. 

A reference to fig. 7, which is copied from part of Messrs. 
Conybeare and Phillips’s geological map, shows the line of 
section represented in fig. 6, as also the direct communi- 
cation, though not in a straight line, between the chalk of 
Newhaven and the range on the western and north-western 
side of the basin. 

But although some springs found near the sea-shore are 
unquestionably affected by infiltration from the latter, the 
theory that those occurring inland are supplied by rain, hail, 
dew, snow, &c., which originally are raised into the atmosphere 
by evaporation, is now allowed to be correct by all whose 
opinions are of any value. That until comparatively within 
a few years the discussion should have been unsettled, is not 
to be wondered at. Until Geology showed, by explaining 
the nature of the crust of the earth, the natural channel for 
subterranean currents, and accurate experiments had deter- 
mined the immense extent of natural though unseen and 
unfelt evaporation, no decisive proof could be given to settle 
and determine the question. Science has, however, now so 
far advanced that we can recognize the cause and the means 
whereby the alternate exhaustion and replenishment of the 
subterranean reservoirs are accomplished. 

Before illustrating more particularly the various circum- 
stances affecting the supply of water to springs, some of the 
most remarkable may be mentioned; and among them, the 
hot springs of Iceland claim attention. One of these, called 
the Great Geyser, is thus described:—The fountain is sifuated 
in a circular mound of matter, deposited by the water itself 
during the lapse of ages. In the centre of this basin a per- 
pendicular inlet, about 10 feet diameter, descends into the 
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earth, and communicates with the supply. The basin is 
usually covered, to a depth of about 4 feet, with clear hot 
water, which flows away by two passages situated in the sides 
of the basin. At the time of eruption, which occurs at inter- 
vals, the first signal is a rumbling noise and low report; after: 
which a few jets of water are thrown up; the jets become 
higher, and the noise becomes louder, till at last a defined 
jet, 50 to 100 feet high, is formed, and of a diameter equal 
to the main inlet: the eruptions seldom last longer than 
a few minutes, and they occur at irregular intervals, seldom 
exceeding many hours. The water has the property of in- 
crusting with mineral matter objects over which it flows, 
also covering the parts round about it with silicious incrus- 
tations. 

The fountains of Vaucluse and Nimes are equally remark- 
able on account of their volume. The former, directly after 
leaving the ground, is known as the river Sorgue, and is of 
such immense volume as to yield 444 tons of water per minute 
in the driest seasons, and 1330 tons in very wet weather. 
The latter is of smaller volume, but interesting on account of 
its intimate connection with the rain-fall; thus, in dry weather, 
it hardly yields more than one ton and a half per minute; if, 
however, any rain fall on the north-west of the town, even at 
a distance of four or five miles, the volume almost instantly 
increases to ten tons. The river Loirct is also supplied in 
precisely the same manner as the Sorgue: it rises in a large 
basin with considerable force, and flows away a river navigable 
for barges of two or three hundred tons burden. 

Spallanzani mentions a spring of fresh water rising in the 
sea in the Gulf of Spezzia at a distance of sixty yards from 
the shore. It forms a dome upon the surface of the sea 
about 30 yards diameter, with an elevation of about 16 inches 
in the centre, and is composed of a number of vertical jets, 
which are very perceptible when the sea is calm. Many other , 
such sources of fresh water have been recorded; for instance, 
in the Bay of Xagna, off the Cape San Martino, in the prin- 
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cipality of Monaco, and in the Indian Ocean, about 100 miles 
from the shore. 

The account of the two following springs is copied into 
Rees’s Cyclopeedia from the Philosophical Transactions : 

‘‘ In the diocese of Paderborn, Westphalia, there is a spring 
which disappears twice in twenty-four hours, and always re- 
turns at the end of six hours, with a great noise, and with so 
much force as to turn three mills not far from its source. It 
is called the Bolder Horn, or Boisterous Spring.” Again, 
‘* At Broseley, near Wenlock, in Shropshire, there is a famous 
boiling well, which was discovered in June, 1711, by an un- 
common noise in the night, so great that it awakened several 
people, who, being desirous to find what it was owing to, at 
length found a boggy place under a little hill, not far from the 
Severn, and perceiving a great shaking of the earth and a little 
boiling up of the water through the grass, they took a spade, 
and digging up some part of the earth, the water flew to a 
great height, and was set on fire by a candle. This water was 
for some time afterwards constantly found to take fire, and 
burn like spirit of wine; and after it was set on fire, it would 
boil the water in a vessel sooner than any artificial fire, and 
yet the spring itself was as cold as any whatever. This well 
was lost for many years, and not recovered till May, 1746, 
when, by a rumbling noise under-ground like to that the former 
well made, it was hit upon again, though in a lower situation 
and thirty yards nearer the river: the well is four or five feet 
deep, and six or scven wide; within that is another less hole 
of like depth, dug in the clay, at the bottom of which is placed 
a cylindric earthen vessel of four or five inches diameter at 
the mouth, having the bottom taken off, and the sides well 
fixed in the clay rammed close about it. Within the pot is a 
brown water, thick as puddle, continually foreed up by a 
violent motion, beyond that of boiling water, and a rumpling 
hollow noise, rising and falling by fits five or six inches; it 
may be fired by a candle at a quarter of a yard distance, and 
it darts and flashes in a violent manner about half a yard 
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high ; it has been left burning i hours without any 
sensible diminution.” 

It is needless to remark that the above phenomenon is 
owing merely to the presence of a portion of gas brought to 
the surface in combination with the water. 


CHAPTER, III. 


RULES FOR FINDING SPRINGS, AND LAWS OF 
SUBTERRANEAN WATERS. 


For ages many absurd fables were believed with respect 
to the best methods of discovering springs, and even at 
present the divining-rod has not lost its partisans. These 
fables owed their origin not only to the credulity of the 
public, but to the quackery of those professing the art. If, 
however, we pass over these prejudices, there are some indi- 
cations which may lead to the discovery of springs in cascs 
where nothing would appear, to those unaccustomed to 
observations of natural phenomena, to induce a belief in 
‘heir existence. The following are some of the most simple: 

In the early part of the year, if the grass assume a brighter 
colour in one particular part of a field than in the remainder, 
or, when the latter is ploughed, if a part be darker than the 
rest, it may be suspected that water will be found beneath it. 

In summer, the gnats hover in a column, and remain always 
at a certain height above the ground, over the spots where 
springs are concealed. 

In all seasons of the year, more dense vapours arise from 
those portions of the surface from which, owing to the exist- 
ences of subterranean springs, a greater degree of humidity 
gives rise to more copious exhalations, especially in the morn- 
ing or the evening. It is for this reason that the well-sinkers 
of Northern Italy go in the morning to the places near which 
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it is desired to sink a well; they lie down upon the ground, 
and look towards the sun to endeavour to discover the places 
in the neighbourhood from which denser vapours may arise 
than from the rest of the field. 

The springs to which these rules apply are such only as are 
near the surface; when the source is lower, they are rarely 
sufficient, and the only safe guide is a boring; but to execute 
such operations with any chance of success, a certain know- 
ledge of elementary Geology is absolutely necessary. 

Provided that the sources do not descend to any very great 
depth, the principle that subterranean waters follow precisely 
similar laws to those upon the surface holds good; but when 
they are very deep-seated, many disturbing causes, to be 
noticed hereafter, modify their action. If, in a valley formed 
in a diluvial or alluvial deposit lying upon a more retentive 
stratum, the two sides are of the same height, the water must 
be sought in the middle; and if, on the contrary, one side be 
steeper than the other, the stream would pass near the steeper 
side; in both cases supposing that the materials of the upper 
stratum are equally permeable throughout, and that the de- 
pression of the lower stratum presents a tolerably regular basin- 
like depression. Springs are not often to be met with at the 
head of valleys, but they are much more frequently to be found 
at the intersection of the secondary valleys with the principal 
one; and the most favourable point for finding water is usually 
that which is the furthest from the intersection of these valleys, 
and in the lower parts of the plain succeeding them, at precisely 
those positions where there is the least water upon the surface. 

When the transverse valleys, giving forth streams to a river 
in the bottom of a longitudinal valley, are nearly at right angles 
to the direction of the latter, the quantity of water they yield 
is much less than when they form an angle with it. This law 
holds good equally with subterranean and with surface waters, 
and it may therefore be laid down as a maxim that the most 
favourable point for seeking a supply by a well would be at the 
mouth of long transverse valleys inclined to the principal one. 
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When, as we have before supposed, and as in fact occurs in 
the London basin, permeable strata are exposed over a great 
surface of country, and pass under more retentive ones, .whilst 
at the same time they themselves lie upon others of that 
nature, by the usual laws of hydrodynamics the water falling 
upon their outcrop will descend to the lowest level of the basin, 
nor will it begin to overflow until the whole of the depressed 
portion is saturated. A boring through the upper stratum 
will then become filled by the water from below to a point 
corresponding with the altitude at which the waters are main- 
tained in the basin by the natural overflows. These abstract 
principles, however, are only applicable when the basin is not 
disturbed ; and it is particularly to be noticed that the exist- 
ence of any large fissure in the external ridge of the basin, 
giving passage to a water-course, will be found to regulate 
the height of the waters to a very considerable distance from it 
on either side. If, however, any extensive fault cxist in the 
bottom of the basin, by means of which the permeable stratum 
should be placed in communication with any other of a similar 
character, the waters will necessarily flow into the latter. The 
success of a boring for an Artesian well depends, in fact, so far 
as the mere retention of the waters is concerned, upon the per- 
fection of the basin formed by the upholding stratum ; and, so 
far as the height of the water-line is concerned, upon the level 
of the streams flowing from the water-bearing stratum. 

The existence of causes susceptible of modifying to so great 
an extent the success of an operation of this kind is not suffi- 
ciently known, cither to the public in general, or to those who 
by their professional position ought to be better informed. 
Unfortunately, the science of well-boring does not cxist in 
England, and the execution of this description of work is 
usually left to mere practical men. The consequence has been, 
that, several wells have been commenced, have given rise to 
great outlay, and, after disappointing the hopes of all con- 
cerned, have been abandoned. It is true that the knowledge 
of the geological disturbances of strata, often hidden entirely, 
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must be always to a great extent hypothetical, but there are 
indications sufficiently clear to lead any practised Geologist to 
say beforehand whether any disturbance or fault exist likely to 
compromise the work proposed to be executed. With the 
most elaborate investigation and the most extensive knowledge, 
there is always a degree of chance about the first well bored 
for the purpose of reaching deep springs in any district. It is 
not therefore surprising that the majority of the attempts 
hitherto made in our country should have been failures. 

The remarkable success of the Artesian well of Grenelle 
appears to have inspired a fever for undertaking others of a 
similar nature; and it is even now almost universally con- 
sidered that if a boring be carried through the chalk into the 
green-sand, the water will rise above the ground. But in the 
first place it is to be observed that in the Paris basin the 
supply for the wells of Elbceuf and of Grenelle is derived from 
the lower green-sand which lies upon the retentive strata of 
the Wealden, and that it enters the sand at a point very much 
above the position of the wells, as also that the last consider- 
able streams from the green-sand are at a much higher level 
than the same position. Similar borings near Calais have 
signally failed ; for the subcretaceous formations there repose 
upon the carboniferous strata, without the interposition of the 
oolites, the lias, or any of the intermediate series. In this case 
the only chance of success would have been in finding some 
depression in the older formations filled with water, but of 
course it could never rise to any useful height. 

The well at Southampton has afforded also some very im- 
portant lessons with respect to the disturbances or modifications 
likely to be met with in the prosecution of such works. It 
was commenced at a point about a mile and a half from the 
sea, and 140 fect above the level of the high tides. As too 
frequently happens, no survey of the centering ground ofthe 
green-sand formations was made before commencing it; nor 
were the disturbances of the chalk strata, the only ones ex- 
posed in a manner able to furnish anv valuable indicanons, 

B 


26 RUDIMENTARY TREATISE ON 

taken into account. Now it happens that the green-sand ridge 
is disrupted in several places on the edge of the basin supposed 
to hold the waters from which the well was expected to be 
supplied, and important rivers flow away from it at those 
places, at levels little above the ground at the well. Should a 
water-bearing stratum exist, therefore, the water can rise very 
little above the ground, even supposing that all the other 
necessary conditions be fulfilled. But the whole of this part 
of the country has been disturbed in a very remarkable man- 
ner. A very strongly marked fault exists in the chalk near 
Winchester, and continues to the sea-shore near Portsmouth. 
The sea has formed two large breaches in the containing basin 
of the green-sand on the east and west of the Isle of Wight. 
At the back of the island the marks of geological disturbance 
ar¢é even more evident than upon the north of Southampton ; 
the strata are contorted, and even tilted up in a vertical 
direction. The same facts occur also more to the south-west, 
near the Isle of Purbeck, so that there appears little reason to 
believe that the basin is continuous; and at any rate the sea is 
in direct communication with the green-sand formations: if, 
therefore, it do not affect the quality of the water contained in 
the green-sand, it must regulate the water-line, and cause it to 
take a regular inclination corresponding nearly with a line 
drawn from the last great inland overflow to the sea water- 
level. But it is found that the water obtained from the chalk 
itself in the present state of the work 1s strongly affected by 
the infiltration through the body of the rock from the sea. If 
this be the case with a substance comparatively so dense as 
the chalk, the probability that the same effect will take place 
with the more pervious materials of the subcretaceous rocks 
amounts almost to a certainty. 

Again, in all cases where wells have been sunk to a great 
distance from the surface, it is known that at a certain point 
the temperature becomes constant, and that beyond this it 
iriereases according to a law susceptible of modification by 
local circumstances. Mr. Paterson (Edin. New Phil. Mag. 
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1839) gives the mean rate of increase in Scotland as being 
about 1° Fahrenheit for about 48 feet of descent. M. Wal- 
ferdin found in Paris the increase was at the rate of 1:8 
Fahrenheit for every 102 feet 103 inches (or 1 centigrade 
for 30™:87). M. de Girardin found at Rouen that it was 
about 1:8 for 67 feet 4 inches in one case and 1°8 for 
100 feet descent in another; whilst the more accurate ex- 
periments upon the Artesian well of Grenelle show that the 
increase there is with remarkable regularity 1:8 Fahrenheit 
for 106 feet descent below the point of constant temperature, 
which is about 93 feet 6 inches from the surface of the ground 
at the Observatory of Paris, and marks a little more than 
53° Fahrenheit. ‘This would give an increase of temperature 
of about 1° Fahrenheit to 59 feet descent. This important 
law does not appear to have becn much attended to in 
England, or certainly, as in the case of Southampton, the 
noticn of obtaining the whole supply of the town from a 
deep-seated Artesian well would never have been entertained. 
The boring has been carried to a depth of 1320 feet nearly, 
still in the chalk, so that even did a supply of soft water 
exist at that depth, it would have a temperature of nearly 
75° Fahrenheit; and as in all probability it would be necessary 
to descend 250 fect deeper before a copious supply could 
be obtained, the water from that depth would be about 
80° Fahrenheit. From these combined reasons, the town 
of Southampton have been induced to abandon the boring 
on their Common,—unfortunately not before they had spent 
a very large sum of money upon a work which, if a survey of 
the district had been made by a competent person, would 
never have been commenced. 

The secondary rocks frequently give off powerful springs 
without any apparent indication of the existence of the inter- 
change of strata we have hitherto considered. Well-known 
instances of this occur in the springs from the chalk near the 
head of the New River, at Chadwell and Amwell, at Otter- 
bourne, near § yuthampton, and at several other points in the 
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valleys of the great chalk mass of the south-west of England: 
It will, however, always be found that these springs occur 
in valleys much below the general level of the formation, and 
their overflow usually corresponds with the existence of some 
fissure above a harder and more retentive bed than the mass 
of the chalk. The same remark holds good with the oolites 
and the lias; but, in addition to the inequality of texture in 
the bulk of the formation, these particular ones are more 
likely to throw off springs, owing to the existence of nume- 
rous intercalated beds of stiff clay. It rarely happens, how- 
ever, that these retentive strata can be traced with certainty 
over a sufficient area to warraht the commencement of any 
expensive works upon them. 

The primary rocks are even more unfavourable than the 
older secondary rocks for the ascertaining by any abstract 
rules the existence of springs. Their stratification is rarely 
persistent over a great extent of country, and the permeable 
materials, forming as it were filters, so seldom exist, as to 
make the occurrence of deep-seated springs very rare. Water 
may permeate these rocks in their numerous fissures, but 
necessarily it is impossible to predicate what may be their 
direction, or what conditions of hydrostatical pressure may 
exist. It may be asserted, indeed, that no abstract law pre- 
vails regulating the flow of water in these strata, and con- 
sequently that no boring should be attempted in them until 
the last extremity, because its success must be a mere 
matter of chance. For further details upon this subject 
consult Chapter VIII. 

If many Artesian wells be sunk in the same stratum and 
be supplied by the same deep-seated springs, it becomes 
necessary to ascertain the rate of inclination of the water- 
line before any exact conclusions can be arrived at with 
respect to the definite results of a new boring. Of course, 
as the outcrop of the water-bearing stratum is only exposed 
over a certain area, the quantity it can yield must be limited ; 
and for the same reason, if much water be withdrawn at a 
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high level, the lower wells must suffer. That this is a real 
danger is proved by the state of the wells near London, 
supplied by the water filtering through the plastic clay. 
So many have been sunk, that very few of those which 
formerly overflowed the surface now rise to within some 
distance of it, and the volume yielded is also considerably 
reduced. The wells in the chalk near London are also pro- 
ducing the same result, and the water-line is annually 
lowering. The Rev. J. C. Clutterbuck, of Watford, who has 
paid great attention to this subject, has found that the water- 
line of the chalk near London has a general inclination of 
13 feet in a mile upon a line drawn from Watford to the 
Thames, until we approach Kilburn, where a depression takes 
place, owing to the pumping around London, as he supposes. 
North of Watford, the rate of inclination was found to be as 
much as 200 feet in fourteen miles, but it was affected by the 
degrce of saturation of the lower strata. In the Hampshire 
chalk basin, the rate of inclination has been stated to be 13 feet 
in a mile; so that numerous local circumstances require to be 
taken into account before any decided opinion can be arrived 
at upon this point, and equally numerous observations are 
requisite to furnish the elements of any philosophical reason- 
ing upon the subject: in the last-named geological basin, 
however, it is more easy to observe the phenomena attending 
the inclination of the watcr-line, because no pumping takes 
place at the lower end to interfere with its normal condition. 
We find that from the well at East Oakley (about sixteen 
miles from Southampton) the water-level, which is there 
about 302 feet above the Ordnance datum, lowers to about 
100 feet at the well upon the Southampton Common. But 
the rate at which the water-line lowers is far from being 
regular; it is more rapid near the summit, more gradual 
as we approach the sea, and may be represented by a pgra- 
bolic curve. There are local irregularities occasioned by the 
outburst of considerable springs, due probably to some dis- 
location of the strata; but the general inclination prevails 
with tolerable regularity. 
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Stated generally, the laws regulating the height to which 
water will rise in an Artesian well are as follows: it will rise 
to the height of the point of supply, with a diminution caused 
—lst, by the loss of some portion of the water through 
fissures; 2ndly, by the friction it meets with in traversing 
the water-bearing stratum; but it must always be borne in 
mind that the existence of a large natural overflow will lower 
the general water-line to its own level. 

The phenomena of intermittent springs may be explained. 
upon the principle that under-ground waters follow the same 
law as those flowing upon the surfacc: if a natural syphon be 
supposed to communicate with some subtcrranean basin, and 
it discharge the water more rapidly than the supply arrive, 
the reservoir will from time to time be so lowered that the 
syphon will cease to act. Under these circumstances the 
flow will be interrupted until the water riscs again in the 
syphon to a height sufficient to cause a recommencement of 
its action. This alternation of flow will happen at intervals 
corresponding with the proportion between the capacity of 
the supply and of the discharging syphon. And finally, we 
may state that no apparent anomalics exist which may not 
be explained by the geological and hydrodynamical consider- | 
ations above detailed. 


CHAPTER IV. 
PRACTICE OF WELL-DIGGING. 


Tue practice of well-digging may be properly classed under 
two divisions, digging or excavating being one, and steining or 
lining with brickwork or stone the other; in the case of hard 
chalk or rock, the latter operation is dispensed with, the work 
being confined solely to excavating,—a lining of brickwork 
being quite unnecessary for the stability of the work. Wells 
are usually of a circular form, and those which are merely 
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picked in the solid strata lack the regularity of the nearly 
perfect cylinder of brickwork : such wells, however, generally 
require steining to some depth from the surface of the ground, 
owing to the looseness of the surface soil; this is exemplified 
in many parts of Hertfordshire and elsewhere, where a gravelly 
surface soil overlies the chalk. The mere excavation of a well 
requires but little skill, though at times it is a matter of 
great labour, requiring in hard rock blasting; the plumb-bob 
and a rod marked with the diameter of the hole being suf- 
ficient to insure accuracy. Buckets, a windlass, and ropes are 
required to remove the products of the Mtavation. These tools 
are sufficiently known to allow us to dispense with any descrip- 
tion or illustration of them. Wherefthe-well is:sunk through 
stiff clay, as, for instance, that in the London basin, steinisf 
of half-brick thick, or four inches and a half, is required for 
small wells, and of nine-inch work for wells of large diameter. 
Great improvements have latterly been made in the method 
of executing, and also in the stability of this description ol 
brickwork, owing to the use of Roman and other descriptions 
of cement entirely superseding wedges of slate, bond timber, 
and common mortar: the two latter are especially injurious, as 
the timber will decay, and the lime in the mortar, unless it be 
a blue lias or other equally hydraulic lime, will dissolve out into 
the water contained in the well, rendering the same very hard ; 
besides, as will be seen when describing the manner of stein- 
ing, the slow setting of the mortar is a bar to its general use, 
Loose wet sand, or loam, test the skill of the well-diggers: in 
such cases, however, it may become necessary to puddle behind 
the brickwork,* and care must be taken that the upper steining 
should not slip whilst this work is being executed. Again, in 


* The use of puddle for any purpose of hydraulic engineering is now 
nearly out of date; and it would be abandoned altogether, did our 
Engineers, or Architects, insist upon the preparation of concretg in a 
scientific manner. Unfortunately this is not the case, and the real 
direction of this important branch of construction is left entirely to the 
care of perhaps the most uneducated class of workmen, } 
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passing through land-springs, they must be carefully walled 
out, by executing the brickwork entirely in cement—an opera- 
tion which can only be accomplished when the quantity of 
water entering from the spring is limited: where the rush is 
enormous, as in sinking through the main sand-springs of the 
plastic clay formation, the water must be dammed out, by 
substituting for brickwork cylinders of iron, which may be 
either cast or wrought: the latter are the more modern, and 
have been applied in some large wells; the former are the 
more convenient for handling, being bolted together in seg- 
ments, or in divisions. When the sinking such cylinders is 
necessary, digging will most probably be precluded altogether, 
and boring alone will be admissible, the cylinders sinking as 
the sand is bored out: when they have been sunk to a suffi- 
cient depth in the solid clay beneath, digging and steining 
may go on as before. If it be determined to bore, near 
London, into the chalk, the boring should commence before 
the sand-spring is entered, the expense of large cylinders 
being thercby saved, as their place would be taken by the 
small bore pipe; and as the water from the chalk will gene- 
rally rise higher than the level of the sand-spring itself, no 
advantage is gained commensurate with the increased outlay by 
sinking large cylinders. The position of the sand-spring can 
be determined by boring in advance of the well itself, while the 
latter is being sunk through the plastic clay: by driving a 
bore-hole very small, and thus feeling the way, no danger of a 
surprise may then be anticipated. 

Steining is executed in a variety of ways, as regards its 
manner of application, its thickness, and its bond. The bricks 
used should be hard, square, and well burnt; if the cost will 
allow, malm paviours should be used, and if stocks are em- 
ployed they ‘should be the very best. As the work is for the 
most part laid dry, unless the bricks run of one uniform 
thickness, a great waste of time and trouble will unnecessarily 
take place during the steining: again, as the bricks are laid 
so as only to touch each other at the edges, a soft crumbling 
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brick would manifestly be useless. The old method of exe- 
cuting the steining was by building on a curb of wood shod 
with iron. The earth being removed from the bottom, the 
curb and its superstructure sunk down; the brickwork was 
then added from the top, and this method of proceeding con- 
tinued till the curb would sink no longer, owing to the swelling 
of the ground; a new curb and new excavation smaller than 
the last were then begun. 

This method is now seldom used except in peculiar circur - 
stances, all bricks being added under the executed steining, 
the latter being kept from slipping by artificial means when 
the natural swelling of the ground is insufficient ; this circum- 
stance is unlikely to take place when the bricks are worked close 
to the sides of the excavation, in clayey soils especially ; the 
friction acting to prevent slipping is most enormous. The stein- 
ing is usually executed partly in dry and partly in cemented 
work, the latter occurring as rings laid at intervals between 
the portions of the work laid dry: these are regulated by the 
nature of the ground ; in London clay, the intervals generally 
vary from five to twelve feet, though sometimes the work 
requires to be laid for some distance entirely in cement. The 
rings are usually three courses thick, averaging about nine 
inches in height; the bricks are laid flat, as in fig. 8, the 
courses alternately breaking joint: it is often desirable to insert 
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cement or small wedges in the open spaces at the back of the 
touching edges of the bricks. Fig. 10 
The thickness of the stein- 4 TT To y 
ing itself depends on the Pe 
diameter of the well and the 

nature of the ground to be 
passed through; some usc 
nine-jnch work laid dry, and 
radiating as in fig. 9: this 
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be ever used, it should be 
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a situation where four-and- 
a-half-inch work in cement 
will not suflice. In commen- 
cing an excavation from one 
cement ring to another, the 
hole is dug as far as is safe 
or practicable; the nature 
of the ground will determine 
this; a line is then plumbed 
(see fig. 10, which repre- 
sents a section of the stcin- 
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brickwork above, which will 
give the position of the face 
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a cement is not desirable, as it partially sets in being con- 
veyed down the well to the workmen; Roman, blue lias, 
Portland, or any approved water cement, may be used for the 
purpose. In many cases, even where the work does not 
absolutely require it, the steining is done entirely in cement, a 
practice which makes excellent work, but which is attended 
with a further disadvantage than the extra cost of execu- 
tion, because it occasions much trouble and loss cf time in 
fixing the permanent pumps, and temporary ones also, if any 
are used. 

In sandy soils, should the well not be deep, the old pian of 
working on a curb may be adopted, but in deep wells that is 
inadmissible; here the steining should be sct entirely in 
cement, and, to prevent slipping, the work should be laid in 
quarters, care being taken to well hang up the steining on the 
completion of the work by the insertion of an iron curb, 
secured in its place by tie-rods, which are carried up the shaft 
and bolted to cross timbers or another curb fixed into the 
brickwork. In some wells that have becn executed in sandy 
soil, cast-iron curbs haveebeen inscrted at intervals, each curb 
slung to the one above it by tic-rods; the gravel or sand can 
then be excavated under the curb as the clay can under the 
brickwork rings set in cement; the curbs, in fact, bearing 
the same relation to the cemented brickwork, in the case of 
sandy soils, as the cemented rings do to the dry brickwork in 
clayey ground. The method of bond or laying the bricks 
remains to be considered: fig. 8 shows this. The bricks, 
though they do not touch exactly at the edges, for practically 
that is impossible, yet are set in but a mere trifle, and the 
harder the description of brick the more nearly may the edges 
abut; the swelling of the ground will soon fill up the spaces 
at the back of the edges when the bricks are laid dry: this 
method induces fewer joints than if the work were laid as in 
the manner usually adopted for half-brick arches above- 
ground, and for other reasons is more fit for this purpose. 
The ground behind them prevents any displacement of the 
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bricks, for, the tendency of the pressure being to twist them, 
a compression of the ground must necessarily take place be- 
fore movement can occur; thus the bricks, a aa, &c. in the 
figure, before they can be moved nearer to the centre of the 
well, or alter their position, must force outwards one or other 
of their two neighbours, GG; these cannot evidently be so 
moved without compressing the solid ground behind: here, 
again, we see the advantage of working as close as possible to 
such ground, and if at any time, owing to a stone or other- 
wise, the excavation be not perfectly round, care should be 
taken to puddle with solid clay behind the steining, to prevent 
displacement, by thus forming a sufficient abutment. 

The work when 9 inches thick is laid either radiating, as in 
fiz. 9, or in separate 43-inch rings, fig. 11; the latter plan is 
usually adopted, and may 
be considered the best, for 
the following reason, it be- == aL — 
ing understood that the po = x 
work in both cases is laid 
in cement. Considering the 
strength as that of a com- 
pound of bricks and cement | 
in fig. 11, fracture of the Age / , 
cement must take place 222 %ay < hh = 
before any failure, while in ~4=2=-2=40° 7K 
fig. 9 a slipping of the 
bricks away from the cement might occur; and again, in 
executing the work it might be considered advisable—in- 
deed, it generally is—to execute the back steining first, for 
a certain distance, and afterwards to complete the inner. 
Even work, not wavy, but strictly vertical, constitutes good 
steining, and looking upwards from the bottom of a well will 
at once detect if the work be true or not, the eye in such case 
being placed close to the steining. 

Well-diggers, after attaining a certain depth, find the con- 
fined air very unpleasant and noxious, The carbonic acid 
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from the breath, being specifically heavier than common air, 
soon stagnates at the bottom of the excavation: lime-water is 
sometimes recommended, as this will absorb the carbonic aeid ; 
it is, however, an awkward and unworkmanlike expedient. .A 
pair of bellows or a fan-blast should be used in such cases, 
and the air conveyed down the well in pipes; thin zinc ones 
answer the purpose very well; they are about 2 inches 
diameter. The depth of hole at which an artificial supply of 
air is desirable will depend on the diameter of the well and 
the position of the aperture. If it be open to the air, with no 
temporary shed or other erection over it, a supply may not be 
required, with a 4-feet excavation, till about 130 feet from the 
surface. In this question, however, the extreme limits should 
not be sought for, as the sooner a plentiful supply is given the 
better, the workmen getting on more comfortably to them- 
selves, and also much more rapidly. 

In the construction of iron steining the wrought-iron ones 
are riveted with internal ribs of angle or T-iron, so as to be 
flush on the outside, the rivets being countersunk to attain 
this end; lowering rings are also riveted inside them, for con- 
venience in fixing. Cast-iron cylinders being much thicker, 
and therefore heavier, will sink into the hole with less driving ; 
they are cast in about 5-feet lengths, and are joined together 
with bolts and internal flanges. In sinking cylinders, their 
vertical position must be insured by letting them travel or 
slide between four battens, fixed as guides, and secured to the 
brickwork. When iron cylinders are used, it is generally 
necessary to secure up the lower part of the brickwork, as the 
sand and water will give it no support; an elm or iron curb 
is therefore used for the purpose, which is attached by iron 
rods to wood beams let across the well, or iron curbs inserted 
some distance up the shaft. The space between the cylinders 
and brickwork should also be well concreted, so as to_ shut 
out the water, which would otherwise rise up from the sand. 
To prevent land-springs or drains from percolating into a well, 
it is advisable to execute the first ten or twelve feet from the 
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surface in 9-inch work, the same being well puddled behind. 
When the surface soil itself is close upon the stiff clay, this 
may be neglected ; and, when the land-springs are very strong, 
they must be shut out by the use of cylinders, as previously 
described. 


CHAPTER V. 
BORING. 


THovuGH boring practically requires skill and care, yet in 
principle it is extremely simple. ‘The operation consists, as 
its name would imply, in working a hole, in this case made 
in the crust of the carth, of a diameter varying according 
to circumstances, and in a vertical direction generally; not 
so always, however, for certain requirements may demand 
that it should be oblique. Many systems have been and now 
are practised in carrying on this kind of work; and though in 
England but onc is usually followed,—of many modifications, 
it is true, —yet it would be well to mention one or two other 
plans. The simplest is that practised in various parts of the 
Continent, and called the Chinese system; here all rods con- 
nected to the boring-tool in the ordinary plan are dispensed 
with, the borer being suspended by a rope, which, when the 
tool is worked vertically up and down, imparts by its torsion 
a sufficient circular motion to the tool. In this case the 
tool and the rope are surrounded by an iron cylinder, and 
the products of the excavation become collected in the 
circular space between the tool and the cylinder, by which 
means they may be brought up to the surface of the ground. 
With so simple a machine, different tools, of course, being 
used for various strata, it may be asked, why has this flea 
not superseded all others? Now, where simplicity can be 
gained without corresponding disadvantage, it is well to 
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employ it; but where a manifest inferiority exists, to choose 
simplicity in opposition to complexity, for its own sake alone, 
is absurd. To this plan one serious drawback occurs, which 
is, that the bore-hole is apt to become crooked, so that a great 
difficulty, if not impossibility, would take place in sinking the 
pipes necessary for protecting the hole. That this fault could 
be rectified there can be little doubt; but until this is done, the 
system of boring by impact alone, assisted by the twisting 
action of the rope, will never become very general. In rocky 
strata, or in places where the straightness of the hole is of 
little moment, this method may be applied, 

The ordinary plan is to attach the borer, which differs accord- 
ing to the nature of the work to be done, to iron rods serewed 
together in lengths of from ten to twenty feet ; a circular motion 
being given to the borer by the workmen above, assisted when 
required by a vertical jumping motion, causes the boring-tool 
to work for itself a hole in the ground. It is evident that by 
this plan a great loss of time is entailed, for the tool, when 
it becomes full of the products of the boring, must be drawn 
up to the boring stage, to be emptied of its contents, and to 
effect this the rods must be unscrewed. This unscrewing and 
screwing, pulling up and letting down, is an operation, entail- 
ing a great loss of time, which it would be important to 
supersede. An apparatus has been proposed to accomplish 
this object, and was patented by Beart in the year 1844. The 
rod connecting the boring-tool with the workmen above is 
hollow, forming a tube with water-tight joints; ito this 
tube water is introduced, av upward and downward current of 
the same being gained by allowing the water to flow in one 
direction in the tube, and in the other in the circular space 
around it. The strength of this current the inveutor con- 
siders sufficient to carry up with it the materials which are 
loosened by the boring-tool. That some loose matter could 
be so carried is probable, though in a majority of cases it is 
likely it might be impossible. Another objection to this 
Birangemcnt is the immense quantily of water necessary, an 
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article which, in sinking a well, is not usually very plentiful 
until obtained from the well itself.* 

Confining ourselves, therefore, to the ordinary system, 
it will be proper, in the first place, to notice a few prepara- 
tions which are necessary before commencing the boring 
itself. Assuming a well to be sunk so deep that we are 
certain that when the spring is tapped the water will rise a 
sufficient distance within it, the first consideration will be, 
can the boring take place from some point in the well itself, 
or must we work from the surface? The answer to this 
will depend on the depth of the proposed bore, together 
with its diameter, and the nature of the ground to be worked 
into. If the well be under 4 feet diameter, it is difficult 
to obtain sufficient leverage for any heavy work, if the 
boring takes place from a point in the well distant from the 
surface of the ground: in that case we are driven to work 
from the surface, but, where it is possible to bore from below, 
it is better to do so for the following reasons, among others: 
first, there will be a great saving of temporary work above- 
ground, for the stage the workmen bore from must, if above- 
ground, be elevated some distance from the surface—20 feet 
at least—or great waste of time will take place in screwing 
and unscrewing the rods, &c.; secondly, a less weight of 
rods will be on the windlass, for, if the boring takes place 
from a point in the well, the rods need only to be suspended 
by ropes from the windlass to the stage in the well from 
which the boring takes place; and there will be an economy 
of time in screwing and unscrewing the rods, as they may 
be drawn up without detaching them from each other in 
lengths equal to the distance of the windlass to the boring 


* The system described above was first brought prominently before 
the public by M. Arago, as the invention of a M. Fauvel. Notwithstand- 
ing the. countenance of that Philosopher and of Dr. Buckland, the 
objections cited in the text are valid; and practically it has been showy 
that the system could not be worked. At any rate it has been allowed ty 
drop quietly. —G. R. B, 
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stage nearly. To reap the same advantage when boring from 
the surface, a high pair of sheers or a triangle is requisite, 
which, of course, adds to the expense and trouble. 

Supposing it decided that boring should be carried on in 
the well, care should be taken to fix on the position of the 
stage or floor from which the work is done; this should be as 
low as practicable, as may be supposed from what has been 
said before; but at the same time the stage should be a suffi- 
cient distance above the level in the well to which the water 
will rise. This is a consideration which can be ascertained only 
by experience and a knowledge of the spring-water level of 
the district. The stage consists of a stout plank floor, resting 
on strong putlocks. The flooring is well braced together by 
planks nailed transversely across the same. In the centre of 
this floor is a square hole, a little larger than the boring-rods, 
which therefore can pass through it, but not large enough to 
allow a small hook apparatus, represented in fig. 15, p. 44, 
which, having the power of holding the rods suspended while 
they are screwed and unscrewed, will prevent their falling 
through the stage. From the bottom of the well to above 
where the water will rise, say to nearly under the boring stage, 
wooden trunks, strongly but temporarily secured, are fixed as 
guides for the boring-tools, permanent pipes, &c. These trunks 
may be made square, and are fitted by sockets one into the 
other. Sometimes temporary iron pipes are used instead of 
these wooden trunks. The permanent pipe to be inserted in the 
hole bored should be joined together and slung down the well, 
ready to be fixed when occasion may require. Thus having, 
we will suppose, bored through the mottled clay, the sooner 
the pipes follow the better, as the sand underneath is-liable to 
blow up into the bore-hole, or the clay itself, when not dense 
and stiff, may fall, and to a certain extent choke up the hole. 
These pipes are either of cast or wrought iron; the latteg are 
generally used for small distances, and the former, as being 
thicker, for very deep work, where much driving will be 
required. The lower pipes of the series are usually perforated 
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with small holes when the spring is a sand one; but, when 
the water is to rise from chalk or rock, no perforation is 
required, because the pipes themselves are only requisite when 
‘the bore-hole will not stand without them. In many cases 
in and about London, advantage is taken both of the main 
sand spring and the chalk springs also; then perforated 
pipes are driven in the former, smaller pipes and a smaller 
bore being continued to the chalk. The junctions of the pipes 
show nearly, sometimes quite, an even face on the outside. 
The cast-iron ones have generally turned joints and wrought- 
iron collars, usually flush on the inside as well as on the outside; 
if, however, required to be slighter, they may be cast with the 
vertical portion of a less thickness than the flanges; for if 
the thickness at the joint be the same in both cases, no advan- 
tage, as far as passing tools up and down, is gained by having 
the internal diameter uniform throughout, though there is a 
great advantage in point of strength. The collars are some- 
times fixed on the pipes with ccrews ; though, when the joints 
are not turned, they are run together with metal: this latter 
plan will entirely exclude any bad water which may be met 
with; but the other mode of fixing is the one usually adopted. 
The wrought-iron pipes are now seldom riveted, but have thin 
collars soldered on to the pipes, which are never quite flush 
outside. “ The melting of the solder, previously run into the 
parts to be joined, is accomplished by suspending iron heaters 
down the pipe; the small heater being made of one, and the 
larger heater of two, circular pieces of iron. 

The pipes are lowered into the well by means of a wooden 
plug traversed on the under-side by pins or keys of sufficient 
length to carry the sides of the pipe. A small groove is cut 
in the pipe to receive these keys, and as soon as the pipe is 
lowered into its place it may be detached from the plug by 
memly turning the latter in a direction which will cause the 
keys to fall back into the depressions, or seats, left for the 
purpose of bringing them within the dimensions of the interior 
of the pipe. Bv means of these keys it is also possible to 
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drive the pipes, by causing them to bear upon its upper end. 
(See fig. 24, p. 50.) 

The boring-rods are usually made of wrought iron, in lengths 
of from 10 to 20 feet; it is, however, convenient to employ 
them of only one length, and to number the rods, in order at 
any time to have an approximate guide to the depth of the 
boring. The head of the first rod is made with a hook, by 
means of which it is suspended to the lever communicating 


Fig. 12. 
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Head and joints of iron rods. 


the percussive motion; and below this hook it has am eye 
formed to receive a transverse bar, which, by being turned by 
the workmen, communicates the rotary motion (see fig. 12). 
The bottom of each rod has a socket, tapped with a female 
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screw, to receive the head of the succeeding rod, which is 
formed by a male screw fitting into the socket. Under the 
screwed head there is a swelling out of the rod, indicated in 
fig. 13, for the purpose of suspending it during the operation 
of withdrawal; the projection rests upon the sides of the 
crow’s foot (fig. 15), whilst the upper 
rod is being detached, and the crow’s foot 
itself is supported by the stage upon which 
the men work. 

In borings of small depth the rotary 
and percussive motions are produced by 
manual labour; when the depth becomes Y 
exceedingly great, however, horse-power, 
or the steam engine, must be employed, 
on account of the weight of the rods. In 
sinking the wells at Grenelle, M. Mulot 
used a horse-mill; of late years M. De- 
gousce has employed steam, and at South- 
ampton latterly the rods were raised and 
lowered by steam-power. 

The rotary motion is usually commu- 
nicated by means of levers traversing the 
eye in the position shown in fig. 12, as 
before stated; and in tolerably yielding 
materials, such as clay, sand, soft chalk, 
&c., no other motion is required to secure 
the descent of the boring-tool; but in 
harder materials it is necessary to com- 
minute the rock before the tool can make 
any progress. The simplest manner of 
effecting this object consists in suspending 
the rods by a rope coiled two or three 
timesground the barrel of a windlass, and 
adjusting the rope in such a manner that if a workman hold 
one end of the coil tight the friction will be sufficient to raise 
the rods on the windlass being set in motion. Should the end 
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of the rope the workman holds now be slackened, the coil be- 
comes loose, and the rods descend with a force proportionate 
to their own weight and the distance they have travelled 
through. A regular percussive action is therefore gained by 
keeping the windlass constantly in motion in one direction, 
the attending workman alternately allowing the rods to be 
drawn up a certain distance, and then, by relaxing his hold, 
to fall. 

From this description of the manner of communicating the 
different movements to the rods it must be evident that their 
weight is a very important consideration, and that in order to 
resist the efforts of torsion and percussion they must be made 
of dimensions proportionate to the depth of the bore. For 
depths not exceeding 100 feet, and with a bore-hole of from 
2 to 3 inches, a rod 1 inch square, weighing 33 tbs. per foot 
lineal will suffice. A depth of about from 600 to 700 feet, 
with a bore-hole of 6 or 7 inches diameter, will require rods 
measuring at least 1$ inch on a side, weighing 8°d ths. per foot 
lineal; whilst for such depths as the wells at Grenelle or 
Southampton they would require to be at least 2 inches on the 
side and weigh 131 tbs. per foot. The weight thus increases 
as rapidly as the depth; and wher the latter is considerable, 
inasmuch as the upper parts bear upon the working end, the 
danger of rupture also augments. 

At very great depths not only does the weight of the rods 
become an evil of serious importance, but when the percussive 
motion is given to the rods they vibrate with great force, and 
striking against the sides of the bore, they are likely to detach 
portions of the rock, which would, in that case, fall upon the 
top of the tool. This danger has been sometimes obviated 
by using lighter and more voluminous rods; indeed, as the 
bore-holes are usually filled with water, and therefore the 
rods lose a portion of their weight, it is advantageoyg to 
increase the volume, even if the weight remain the same. 
M. Degouscée effected the desired object by using wooden 
rods surrounded by iron bands, and with iron screwed heads 
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(sec fig. 16); or by using tubular wrought-iron 
rods of the same weight per foot lineal as the solid 
rods, but which, owing to their displacement of 
water, did not act so injuriously upon the lower 
portions, whilst, at the same time, their volume 
rendered them less liable to vibrations. The 
wrought-iron tubes present this advantage over 
the wooden rods, that they are more calculated to 
resist the effort of torsion; but the latter, on the 
contrary, are lighter. 

Beyond a certain depth it is dangerous to exer- 
cise a percussive action of such power as to expose 
the lower rods to be broken. Many accidents 
have occurred in borings from the neglect of this 
consideration, and perhaps the well of Grenelle 
furnished a greater number of illustrations of the 
necessity for the abstract theorctical calculations 
of the weight and description of the rods to be 
employed than any well ever executed; it was 
marked by a continued serics of accidents from 
this .cause. Indeed, when borings exceed 1000 
fect, the systems above described, viz. the use of 
wooden or tubular rods, will not suffice to obviate 
the danger of crushing the lower portions of the 
boring-tool, and the slide-joint, invented by CEuy- 
enhausen, is necessary to insure their safcty. 

When this joint is used the rod is divided into two por- 
tions; the upper one being counterbalanced by a weight 
suspended to a lever, and the lower one only allowed to act 
by percussion,—the weight of the latter rarcly exceeding from 
12 tol6cwt. Between these portions the slide-joint is intro- 
duced. It consists of two parts (see fig. 17) able to slide 
upog one another for a distance of about one foot, and so 
arranged that during the descent one becomes detached, from 
the other. The upper part is balanced by the counterpoise. 
When the boring-tool is allowed to descend after it has been 


Wooden rod, bound with iron. 
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raised for the purpose of getting the blow, it will 
strike the bottom simply with a weight equal to 
that of the lower portion, and the upper portion 
will descend gently through the distance of 1 foot 
until it rests upon the collar. Should it be re- 
quired to bore without percussion, the slide-joint 
is suppressed, and a common rod substituted ; in 
that case also the lighter and weaker rods are 
replaced by stout bars able to resist an effort of 
torsion. 

As the boring-tool is in all these operations the 
acting part, its form varies according to the object 
proposed to be attained and the resistance of the 
ground to be traversed; the first condition being 
that it correspond with the diameter of the bore. 
Each tool is shut upon a rod carrying a joint, the 
joint being usually a screw, with the female screw 
downwards. The boring-tools may be divided 
into four classes, according to the objcct they are 
intended to effect: 1. tools for cutting or commi- 
nuting rocks by percussion (sec figs. 18, 19, 20) ; 
2. tools for extracting soft or disintegrated mate- 
rials (see figs. 21, 22, 23); 3. tools for cleansing 
and enlarging, or equalizing the bore-hole; 4. tools 
for extracting any broken rods, or for accidcntal 
works, or for raising or lowering the tubes. 

The tools for percussion consist of an infinite 
number of chisels whose forms do not appear to 
require so many modifications as workmen usually 
introduce. In hard rocks, such as the oolites, a 
plain chisel with a diameter equal to the hole to 
be bored, and with a cutting edge, is sufficient. 
The shape represented in figs. 18 and 19 is adapted 
to harder rocks, such as the sandstones, because 
it divides the action. The twisted chisel, fig. 20, 
is adapted for softer rocks, 





QGuyenhausen’s slide-joint. 
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Boring-tools are usually made upon the same principie as 
wood augers; that is to say, they consist of a point which 
disintegrates the rock by its rotary motion; of a species of 
tongue, or occasionally of a clack, to support the loosened 


Figs. 18, 19, 20. Chisels. 
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materials ; and of the body of the auger, which contains these 


materials, at the same time that it serves to enlarge the hole. 
It must be evident that these augers can only be used in soft 
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ground, for they would not exercise any action upon hard 
rocks. ‘Their forms differ according to the nature of the 
strata traversed, being open and cylindrical, in clayey or cel- 


Fig. 22. 


Auger, with clacks. 





carcous lands possessing a certain degree of cohesion. They 

nre closed, and sometimes cortical, in running sands; and in 

this case it is also necessary occasionally to use closed augers 
Cc 


£0 RUDIMENTARY TREATISE ON 


with clacks, or even’ a moveable bullet, to prevent the accu- 
mulated matters from falling back into the bore. 

The tools used for enlarging a hole may consist either of 
the chisel (Nos. 18, 19) already described, or of augers with 
increasing diameters. M. Degouseé used a very simple tool 
for the purpose of equalizing the dimensions of a bore, which 
consisted of two iron plates, from 5 to 7 feet apart, between 
which square bars with cutting edges were inserted vertically. 
These bars, if made to turn in the hole, would of course act 
upon the sides for their whole height. 

The tools for the purpose of withdrawing any broken rods 
consist of three principal descrip- 
tions: a species of hook which is 
made to fit under the projecting 
parts d@the rod ; a screw tap, the 
mouth of which is larger than the 
end of the rod to be raised; and 
a spring clutch, so arranged that 
the rod will allow the catches to 
descend, but in the upward mo- 
tion they are pressed upon the 
rod by means of steel springs. 
Should these means fail, no re- 
source is left but to thrust the 
rod aside, into the bore, and con- 
tinue the work beyond it. Fig. 
25 represents a tool occasionally 
used to withdraw broken portions 
of rods. 

The scotch, fig. 26, is used for the purpose of allowing the 
rods to rest on the wooden stage, or for that of unscrewing 
the different lengths. The tool represented by fig. 24 is 
for the purpose of lowering tubes into their places; wher 
ope, the tongues bear against pins upon the bottom of 
the tubes; by turning in a reverse direction, they fall back 
into the seats prepared to receive them; this tool has been 


Fig. 24. Fig. 25. 





Teol for lowering tubes. 


Screw for raising broken portions of rods. 
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already referred to; another instrument for effect- Fig. 26. 
ing the same purpose will be found at page 84. 

It must not be understood that the above de- 
scription comprehends every tool used by well- 
borers. Each contractor, in fact, has his own 
system, and the nature of the ground to be 
operated upon varies so much in one locality from 
what it is in another, that every case requires to 
be treated, as it were, upon its own merits. In 
M. Degousée’s work will be found ample illustra- 
tions of the various tools he has employed in his 
extensive practice; and the reader who would desire further 
information upon this subject is referred to it, and to Burat’s 
‘Geologie appliquée 4 la Recherche des Mineraux utiles.’ 

The vertical position of the rods is insured by attaching to 
them four guides fitting closely into the bore-hole, yet allowing 
the free action of the tools themselves. 


Scotch. 


CHAPTER VI. 
VARIOUS METHODS OF RAISING WATER. 


As it is desirable to make this work as practical as possible, 
the space which might be taken up in describing methods of 
raising water in ancient times, or those proposed in our own, 
but which, practically, have not superseded the pump, or com- 
mon windlass and bucket, is passed over. All elementary 
books on hydrostatics and hydraulics contain descriptions of 
Archimedean screws, endless bands, Jacob’s ladders, Persian 
wheels, &c.; to such works the reader must therefore be 
referred. The common bucket and windlass is the simplest 
arrangement for raising water from wells, and, in parts of the 
country where wells are deep, is used in preference to pumps, 
except where a large quantity of water is required; for, as 

will be presently shown, the common pump will not draw 
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water more than 30 or 33 feet at most,—sometimes, taking 
imperfections into account, not more than 25,—while the deep 
well pump, from its situation, rods, rising main, &., is a 
more expensive affair than the bucket and windlass. In some 
districts the springs are within a few feet of the surface ; 
here a pole with a hook at the end, to which the bucket is 
attached, supplies the place of the rope and windlass. Where 
a windlass is used, it can be worked either by hand or by 
horse or donkey power, the horse-wheel working either hori- 
zontally, as in the case of a pug or clay mill, or vertically, the 
animal working from inside the wheel or drum. Often the 
windlass, though worked by hand, is driven by second motion, 
a spur-wheel situated on it, gearing into a pinion fixed on the 
axle, to which the winch is attached. Examples of the above 
methods of raising water are common in parts of Hertfordshire; 
they answer very well for small quantities of water periodically 
required, but for filling cisterns or reservoirs, &c. are of little 
use, and for such purposes pumps are always adopted. 

The principle of the pump is very simple; in its most 
common form, the pump consists of a barrel truly cylindrical, 
into which fits the sliding portion of the pump, or bucket, 
as it is called. This bucket has a valve in it opening 
upwards; a similar valve, also opening upwards, is situated at 
the bottom of the barrel, which is called the sucker. The 
action of the pump is as follows: when the bucket is drawn up 
in the barrel, into which it fits air-tight, a partial vacuum will 
be formed under it, more or less complete according to the per- 
fection of the apparatus; the valve in the bucket will be kept 
shut by the pressure of the air above it, while the valve in 
the sucker will be forced upwards by the water rising into 
the barrel, which water is forced into the vacuum under the 
bucket by the air pressing on the exposed surface in the 
well; in other words, by abstracting the pressure of the air 
from off part of the surface of the water, that portion under 
the bucket is forced upwards by the pressure on the remain- 
ing portion of its surface, just as, in compressing a bladder 
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full of any liquid, the latter will gush out at any aperture, 
there being little or no resistance at that point. Supposing 
the up-stroke of the bucket complete, and the space under it 
charged with water, on commencing the down-stroke the 
water cannot return downwards through the sucker, for the 
valve in it will be shut by the weight of the water, but the 
valve in the bucket will be raised by the same effort; thus the 
position of the water will be changed from under to over the 
bucket. It is manifest that, on the up-stroke of the bucket, 
the water resting above it can be raised to any height required; 
but the height to which the water under the bucket can be 
thus raised above the natural level of the well is limited by a 
law of nature within the range of from 30 to 33 feet, before 
stated. The explanation is as follows: the pressure of the air 
on the surface of the water balances a column of the latter in 
the suction-pipe; it follows, that if the height of the pipe be such 
that the column of water equals in weight that of a column of 
air of the same diameter, and of the total height of the atmo- 
sphere, the column of water would be pressed upwards no longer, 
for the two weights would be in equilibrium. That the compari- 
son should be made with a column of air of the diameter of the 
pump, and not the total weight of the air pressing on the 
whole surface of the water in the well, will be understood by 
imagining for a moment the effect of having a pipe one square 
inch in area, and of length sufficient to contain a quantity 
of water greater in weight than that of a column of air also 
one square inch in area, and of the total height of the atmo- 
sphere: on filling this with water, its lower end beg open and 
immersed in the well, the effect would be that the pressure 
on the square inch under the pipe would be greater than 
the pressure per square inch of the air on any other part of 
the surface of the water in the well. The particles of the 
water, from their extreme mobility, would transmitethis 
in all directions; the extra pressure per square inch being 
divided equally throughout the mass, would re-act against 
the total atmospheric pressure, causing the latter to yield; 
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the general level of the water will rise from the additional 
quantity running in, and this will continue until there 
is an equilibrium of pressure per square inch between the 
water in the pipe, pressing on the surface of the water in the 
well, and the pressure of the atmosphere. A comparison of 
the relative weights of water and air would appear to warrant 
our placing the sucker of a pump at a greater height above 
the surface of the water in the well than is usually adopted in 
practice; but the imperfections of the different parts of the 
machinery do not admit of its ever being carried beyond from 
25 to 28 feet at the utmost. 

Forcing pumps are used when the height to which the 
water has to be raised exceeds the above limits, and they 
may be of two kinds, viz. pumps in which the column of 
water which has already passed through the piston is lifted 
by it, or pumps which have valves at the feet of their rising 
mains, through which the water is forced at the down-stroke 
of the piston. At great depths the former description is 
never employed, because it would be necessary to lift the 
whole column of water at the up-stroke of the pump. When 
the latter is used, it is customary to combine the suction and 
the forcing principles as far as possible, in order to diminish 
the weight to be raised. 

Generally speaking, the suction tube is placed immediately 
under the working part of the pump, in the same straight 
line, and the rising main is placed by the side. Sometimes, 
however, the pipes are made continuous, and the pump is 
upon the side; and in other combinations a single piston 
is made, both to raise the water by suction, and to force it 
into the rising main at each up and down stroke of the 
piston. : 

When a greater quantity of water is required to be dis- 
charged with a continuous flow than the well or spring is 
able to furnish, it is important to place the end of the pump 
under the surface of the water, so as to insure a good reser- 
voir at starting. The following Table, containing the number 


WELLS AND WELL-DIGGING. 55 


of gallons for every foot in depth in wells of different 
diameters, will be found to be useful in many calculations 
respecting their yield : 


Contents | Contents 

Diameter. in gallons. Diameter. in gallons, 
20 .... 19% 5 0 .... 122 
26 ... . 30% 6 0 176 
30 .... 44 7 0 239 
3 6 60 8 0 313 
40 .... 7 9 0 396 
46 .. - 100 10 0 489 


In the plunger pump the bucket is dispensed with, and in 
its place a solid cylindrical plunger slides air-tight through 
a stuffing-box. The up-stroke of the plunger will cause a 
partial vacuum in the pump-barrel, and water will therefore 
rise into it through the lower clack. The barrel of the pump 
communicates with another and similar clack opening upwards;: 
the down-stroke of the plunger will therefore force the water 
from the barrel of the pump through this valve, which, of 
course, by shutting, prevents the water returning to the pump. 
In addition to many other reasons for employing this pump 
in certain situations, the little trouble in attending to the 
packing, compared with the removal of the buckets for the 
purpose of putting fresh leathers on the clacks of the other 
descriptions of pumps, causes it to be a great favourite with 
workmen. 

More pumps are usually used in well-work than one, except 
in very small wells, where the motive power is manual, and act- 
ing on an ordinary pump-handle: where that or any other force 
acts through the medium of wheel-work, the irregularity of 
motion caused by the varying resistance of the pump is so 
great as to require the effort to be regulated either by placing 
a counterweight so as to render the up and down streke of 
the pump uniform in resistance, or to fix more than one pump. 
The nearest approach to equality of resistance takes place when 
three py¥mps are used, worked by an axle having three 
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cranks set at an angle of 120° with each other. When the 
power applied to them is uniform, and not governed by a fly- 
wheel, this arrangement is worthy of adoption. But a serious 
objection exists with respect to the use of three pumps on the 
score of expensiveness, and the increased friction arising from 
the three barrels, buckets and rods; so that, whenever it is 
possible, it will be found advisable to employ two pumps and 
to equalize the effort exerted upon them by means of a fly- 
wheel. The above remarks, it must be remembered, only apply 
to pumps worked through the intervention of wheel-work. 

In the case of large pumping engines, which act directly on 
the pumps themselves, all the details of the subject are 
altered. It sometimes is desirable, in very deep wells, to 
raise the water in separate lifts, that is, the pumps are 
situated at various heights up the shaft; the lowermost one 
Supplies a cistern from which the pump directly above it 
draws, and this in like manner feeds the pump situated in 
the next lift. The advantage of this arrangement is obvious. 
Each pump has a comparatively small weight of water to 
raise; a lesser strain is thereby occasioned, and in case of any 
leakage of the clacks or buckets, its effect is not so disad- 
vantageously felt. The materials of which pumps are made 
differ, they being either of wood, lead, iron, brass, or gun- 
metal. Wooden pumps are now nearly out of date; leaden 
pumps, with wooden buckets and suckers, are cxtensively 
used for shallow wells, raising water from ponds, reservoirs, 
&c.; iron pumps are also used for the same purpose, and also 
for fixing in deep wells; they are inferior to brass or gun- 
metal, as being more liable to corrosion, but they are cheaper, 
and experience has shown them not to corrode so rapidly as 
might be supposed ; indecd, it is not so much in the barrels 
of the pumps that corrosion takes place (water alone having 
no oxidating power) as in the rods, nuts, screws, and other 
parts exposed to the joint action of air and water. Pump- 
rods are either of copper or iron; copper is the best, but the 
dearest, the iron ones corroding very fast, especially where 
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they pass through the- guides: the junctions of the rods are 
scarfed and secured by brass or iron ferrules. The rods can be 
thus readily taken asunder by merely loosening the ferrules, 
which is effected by driving them with a hammer upwards. 
The guides for keeping the rods strictly vertical are either 
made of wooden cleats, or of brass rollers bolted to cross tim- 
bers ; the former plan is the simplest, and by many considered 
as the best, for, the guides being inexpensive, it is usual to 
place more of them than when rollers are used, and is, there- 
fore, usually adopted. Formerly the distance between these 
guides exceeded the present practice, but experience has 
shown that a distance of six feet is the most advantageous 
where the works are not on a large scale. 

In computing the quantity of water a pump will throw at a 
given velocity, and the power required to work it, the following 
memoranda will be found useful : 


Weight of Water, &c. 


1 cubic foot 62°5 ths. 
1 cubic foot . : : : 6°25 gallons nearly. 
1 gallon ; ‘ ; - 10-0 tbs. about. 
1°8 cubic foot . : : : 1 cwt. 
35°84 cubic feet . ‘ ; : 1 ton 
ll: 2 gallons : ‘ ; , 1 cwt. 
224° 0 gallons ‘ ‘ , ‘ 1 ton. 
277°'274 cubic inches : : ‘ 1 gallon. 


The quantity of water thrown by a pump will equal the 
cubical contents of the space in the pump-barrel comprised in 
one stroke of the bucket, multiplied by the number in any 
given time; this is evident, as in one stroke a quantity is 
discharged equal in diameter to the barrel, and in length 
equal to the play of the bucket. Thus, suppose a pump 3 
inches diameter, 9-inch stroke of bucket, working 27 strokes 
per minute,—required the quantity of water delivered %» To 
find the contents of the pump we have to square the dia- 
meter x by °7854 and then by the length of stroke: 3 sq. 
= 9 x ‘7854 = 7:0686 for the area (say to occupy less 

co 
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space, neglecting the decimals, 7); 7 multiplied by 9, the length 
of stroke, = 63 cubic inches, for the capacity of one stroke, 63 x 
27 = 1701 cubic inches, or very nearly a cubic foot, which is 
1728 cubic inches, that is, very nearly 63 gallons. The above 
calculation, when applied to large pumps, would have all the 
terms in feet instead of inches. In ascertaining the power 
necessary for working the same, it must be borne in mind that 
the resistance opposed to motion is the friction of the bucket 
and other moving parts, the weight of the rods unless they are 
counterbalanced, and the weight of the water moved. The 
weight of the latter, whatever be the diameter of the pipes 
to or from the pump, is equal to that of a cylindrical column, 
the diameter of the pump-barrel, and in height equal to the 
distance from the surface of the water in the well to that 
of the reservoir into which it is delivered ; in other words, the 
total height raised. The friction of the working parts de- 
pends on various circumstances, and that of the water on 
the material and size of the rising main, suction pipes, &c. : 
one-fifth the total weight of water is usually allowed for 
friction, and though it is manifestly absurd to so make it a 
fraction of the weight of the water, when it really depends on 
other matters, yet the above rule is sufficiently accurate in 
practice to insure adequate power. 

The above calculation only applies to the resistance to motion; 
that, together with the speed at which the work is done, really 
is the test of the power required : multiplying, therefore, the 
total resistance by the speed per foot per minute that the 
pump-bucket raises the water, the result will be an amount by 
which to compare the relative power of the prime mover, 
whose useful effect multiplied into its speed per foot per 
minute must exceed that of the work done. Commercially 
it is allowed that a dead weight of 33,000 tbs., raised one foot 
per minute, shall equal a horse-power; a comparison is there- 
fore at once established by which to measure the work, and 
also to provide the power. We will proceed to apply the 
above datum to the preceding example, and suppose the total 
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height the water is to be raised is 99 feet. The following 
consideration will be useful, viz.: on squaring the diameter of a 
pipe in inches, the product will be the number of pounds of 
water avoirdupois contained in every yard of pipe. 

In 99 feet are 33 yards, which, multiplied by 3 squared, 
or 9=2971ibs. The bucket makes 27 strokes per mi- 
nute, moving the column of water each stroke 9”, in all 
27 x 9" = 243 inches, or 20 feet 3 inches per minute, and mul- 
tiplying the resistance, 297 Ibs. x 20 speed in feet per minute, 
we have = 5940 ibs., moved over one foot per minute. Add 
for friction, say 1000 its., and 6940 will equal the momentum 
required in the prime mover, or rather more than onc-fifth of 
a horse-power. 

Should it be required to know whether a man, acting on a 
winch connected by wheel-work with the above pump, can 
work it, the comparison is easily made. Suppose the revo- 
lutions made by the winch 50 per minute, the distance 
travelled by it in one revolution four feet, and the sean’ s force 
continually acting throughout the revolution to be a pressure 
equal to 40 ibs.; we have 40, the force, multiplied by 4, the 
distance of one revolution, equal to 160 multiplied by 50, the 
number of revolutions, equal to 8000 ths., moving over one 
foot per minute,—an amount quite sufficient to work the 
pump. 

The size of the pumps and number of them being deter- 
mined, the prime mover is the next question. In all cases 
where a continuous supply of water is required, or where large 
cisterns arc to be filled, manual labour, even for small pumps, 
will be found the worst and dearest. Water-power is seldom, 
for obvious reasons, applicable. Wind can sometimes be ap- 
plied, and, where it can be depended on, will supersede all 
others; but it is only in peculiar situations that it can be 
trusted. The above motive powers, however, all give eplace 
to steam, which can be used under all circumstances. Ona 
large scale, the use of steam is sufficiently extensive; but its 
advantages in superseding manual labour in filling cisterns, &, 
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have not hitherto been sufficiently appreciated. The work 
can be done much more rapidly, and it is nearly self-evident 
that, even with such a small-sized pump as the one alluded to 
in the foregoing examples, a man’s time is better applied in 
tending a small engine for three or four hours than in slaving 
like a machine for double or treble the time. It is clear he 
must rest, while the engine never tires; and equally so, that 
he who tends the engine is, after pumping, an intelligent 
servant, fit for other work, while he who performs the func- 
tions of a machine is, by the very nature of the work, unfitted 
for any higher occupation. 

When pumps are applied to an cxisting horse-wheel—I say 
existing, for few now choose horse-power in preference to steam, 
unless the wheel is already erected —the number of revolutions 
of the wheel should, by a train of toothed wheels, be so pro- 
portioned as to work the pumps at the speed best suited to 
them. This velocity depends greatly on the sizc of the suction 
and delivery pipes; the larger the pipes, the quicker may be 
the motion. The size of the pumps, and the height of the lifts, 
must be taken into account. When pumps work too quickly, 
they are apt to jerk, and are surc to strike their clacks, with 
great force, into their seats; when too slowly, the motion of 
the pump becomes quivering. The following examples may 
be cited to illustrate the variations of speed admitted in 
practice : 

No. of effect- 


Situation. Size of pump. ive strokes. 
Hampstead Water-Worhs . . 23” stroke . 9” diam. . . 15 
Kilburn Brewery. . . .- .« 9 ie .3 5 18 
Camden Station. . .. . 2:0 “ . 8 inches . . 20 

. 3” diam. . . 24 


Kingsbury. . . . . + - 8 , 


When steam is applied to pumping, if the machine be large 
enough, it should be applied directly to the pump, or through 
the intervention of a beam alone: this arrangement is adopted 
in the ordinary pumping engine, both with forcing end lifting 
pumps. The motion of the Cornish engine is single-acting, 
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that is to say, the steam only acts on the piston during its 
down-stroke, the weight of the pump-rods, &c. acting on 
the opposite end of the beam, completing its up-stroke. The 
single-acting engine has one disadvantage when working a 
single-lifting pump, situated in a deep well; that is, a certain 
amount of power is consumed in raising the pump-rods; and 
this can be obviatéd in many ways. The one generally adopted 
is as follows: the work being divided, say into two lifts, for the 
lower a. lifting-pump is used, and for the upper a forcing or 
plunger pump, similar in principle to the feed-pump of a steam 
boiler. The acting stroke of the plunger being the down-stroke, 
the power required in previously lifting the pump-rods is not 
lost, inasmuch as in their down-stroke the power is returned to 
the work. The up and down stroke of the piston may be thus 
represented, omitting friction: the down-stroke of the piston 
raises the pump-rods and weight of water on the lower lift, 
and on the upper lift as far as the plunger-pump sucker; the 
down-stroke of the pump-rods raises the piston, and forces the 
water from the plunger-pump to the top of the lift: thus, in 
‘effect, the only work done, if the lifts be so arranged, is in 
raising the water, and an amount of counterbalance sufficient 
for raising the stcam piston. When plunger-pumps are used, 
wrought-iron rods are dispensed with, the rods being in a state 
of compression, and if of wrought iron, unless inconveniently 
large, would spring and buckle ; wooden rods or poles are there- 
fore adopted. Cast-iron ones have been tried, but not with the 
same success as wood, taking into consideration the relative 
strength, lightness, and durability of the two materials. When 
small pumps are worked by steam, the plan of engine above 
alluded to is seldom used, on account of the complication, first 
cost, and wear and (car: a steam engine of the ordinary con- 
struction, working the pumps at a less velocity than the steam 
piston, is found to answer the purpose better, though an in- 
creased expenditure of fuel is attendant on the choice. *Some- 
times the speed is brought down by intervening wheel-work, as 
illustrated by the engine at the Hampstead Water-Works, 
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Hampstead Heath, and also by the engine at the well at Kings- 
bury. At other times the speed of the pumps is reduced from 
that of the steam piston, by giving the latter a longer stroke 
than the pump-buckets or plungers have. An example of this 
is to be found in the works at the Camden Station. 

When a well is completed as regards its digging, steining, 
boring, fixing of pumps, engine, &c., the care of the works is 
a matter of more importance than owners usually think. 
Periodical visits should be paid to the pumps, for the purpose 
of ascertaining their condition, and keeping in order the clacks, 
buckets, stuffing-boxes, and various moving parts, greasing 
such as require lubrication, &c. A permanent windlass should 
always be fixed, or iron ladders, te give access to the well. 
An apparatus for blowing fresh air down the well, if it is at all 
deep, should be provided ; and the simplest machine for this 
purpose is a kind of wooden air-pump, consisting of a vertical 
square box, open at the top, and at the bottom connected to 
pipes leading down the well. In this box, loosely fitting, 
slides a piston, or pump-bucket, made of a piece of flat wood, 
with one or more holes, covered on the under-side by a leather 
flap, or valve, which opens a little way downwards. During 
the up-stroke of this bucket, the air merely changes its posi- 
tion from the top to the under-side of the bucket; during the 
down-stroke the valve or flap closes; the air, therefore, will 
be forced down the pipe leading to the well. In addition to 
these, some method should be adopted for ascertaining the 
water-level, which varies, generally, by the pumping; a float 
on the water, attached to a wire, which, in its turn, is secured 
to a string passing round a pulley, will suffice for this purpose. 
A pressure gauge, such as that used for a steam boiler, is the 
most perfect arrangement for this purpose, though more expen- 
sive. The mode of application consists in leading a pipe from 
the gayge down to the bottom of the water in the well. If this 
pipe be filled with air, by means of a small pump, the air will 
necessarily be compressed more or less, according to the height 
cf water above the aperture of the pipe. This compressed air, 
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re-acting on the mercury in the gauge, will correctly measure 
the depth of water. Were it not for leakage, and the absorp- 
tion of the air by the water, the pump would not be necessary, 
the pipe alone would suffice. i 


CHAPTER VII. 
NOTES ON WELL-WORK ALREADY EXECUTED. 


BrErore proceeding to offer any remarks on this portion of 
our subject, it may be desirable to place before the reader the 
following specifications, one of which was used by the late 
Mr. Swindell for a well only, and the other for a work com- 
prising both well-digging and boring. 


Conditions and particulars to be observed by the contractor 
during the sinking, steining, and boring a well, situate 
at , for , and to be executed under the super- 
intendence of Mr. J. G. Swindell, architect, of No. 3, Kil- 
burn Priory. 








The work to be carried steadily forward from the come 
mencement to the completion of the same, a sufficient gang or 
gangs of men being always employed during the usual work- 
Ing hours. 

No deviations to be made in any manner from the cove- 
nants and agreements in this specification, and, in case 
any work should not be to the satisfaction of the above- 
named J. G. Swindell, the same to be immediately altered and 
amended. 

The care of the works rests with the contractor alone, the 
owner not being accountable for anything stolen, or fr any 
loss or damage; and in case any unforeseen circumstance 
should take place, or any accident, of whatever kind, should 
arise, causing additional trouble,—workmanship, or making 
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good such work,— is included in the contractor’s accountability, 
and is to be rectified or made good by him without any extra 
or additional charge beyond the amount of the contract. 

The contractor is to provide all labour, tools, tackle, 
buckets, windlasses, ropes, boring augers, and all and every 
tool or requisite for carrying on the works; the bricks, sand, 
cement, and pipes for lining the bore-hole being alone found 
by the employer. ; 

In case the contractor shall delay the work or refuse to 
proceed with the same, the employer, after having given the 
contractor one week’s notice in writing, is at liberty to take 
possession of all materials or tackle that are on the ground 
belonging to the contractor, and which he, the said contractor, 
forfeits by delay or refusal. The employer shall also be at 
liberty to engage other workman or workmen, and to deduct 
all the cost and charges thereof, from money due for previous 
work done by the contractor, the said contractor forfeiting by 
his delay or refusal all such money. 

The amount of the contract-money to be paid by weekly 
instalments, calculated to reserve one-half of the cost of the 
works done, and subject to a certificate from the architect 
that they are going on to his satisfaction, and are sufficiently 
advanced to warrant such payments. The balance of the 
amount due to the contractor on the completion of the work 
to be paid within one week after the fixing of the permanent 
pumps. 

Digging and Steining.—To excavate a well -1 fect diameter 
in the clear when the steining is finished, and of a depth of 
200 feet; place the earth removed conveniently for wheeling 
away, the wheeling being performed by the employer. Stein 
in 44-inch brickwork the said well; the bricks to be laid dry, 
with, at intervals, three courses set in cement, such intervals 
to be regulated by the nature of the clay, but in no case to 
exceed 5 feet apart; shut out all land-springs by bricking 
entirely in cement and puddling behind the same. Ten feet 
from the surface of the ground the steining to be 9-inch work, 
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laid in cement, so as to block out surface drainage. Pump or 
bale out any accumulated water that may occur during the 
progress of the work. Fill up all putlog holes, and leave the 
steining in a perfect state. 

Boring.—At the bottom of the said well, when it has at- 
tained the depth of 200 feet, insert, full 2 feet into the bottom, 
a cast-iron pipe, 12 inches diameter and 9 feet long; then 
bore with an 114-inch auger, shell, or other tool requisite, and 
fit into the hole 8-inch wrought-iron boring pipes of the usual 
construction; after attaining a depth of vore at which the 
8-inch pipes will no longer drive, insert 6-inch; make all 
joints in the said pipes secure and good, providing the solder 
and materials for the purpose. The lower pipes to be well 
driven into the spring, and to have holes in the same to allow 
sufficient waterway ; the upper pipe to stand 12 feet above the 
bottom of the shaft. Provide and fix all temporary wooden 
trunks before commencing boring, and do all temporary work 
required during the progress of the boring and other work. 

Contract.—I, » of , do hereby engage and 
agree with , of , for and in consideration of the 
sums undermentioned, to do all the labour, finding all tvols 
and tackle necessary in digging, steining, and boring a well, 
to be done in strict and literal accordance with the covenants 
and directions of the foregoing specification. The same to be 
done in the most workmanlike manner and to the entire satis- 
faction of Mr. J. G. Swindell, architect. The contract-money 
to be as follows, viz. :—For executing completely the 200 feet 
of well-work ; for the first 100 feet of boring at the 
rate of ; the next 20 feet an increase of per foot, 
and increasing per foot every.20 feet deep the sum of 
I hereby undertake to go on with the work till ordered in 
writing by my employer to stop, and to satisfactorily complete 
the work, without any extra charge beyond the said money 
mentioned above, which is to be calculated only to the depth 
of the work actually done. 

N. B.—The reason no prices are given in the above is be- 
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cause so doing might greatly mislead, a variety of matters 
influencing the expense of the works in such uncertain opera- 
tions as well-work: framing the contract so as only to pay for 
what is actually done is fairest both to the employer and con- 
tractor, and is therefore adopted in this contract. In the 
following work it was expected that water would be found 
about 85 to 90 feet from the surface; experience showed 
that 81 feet was the point where the spring was entered. 
Contracting, therefore, for 50 feet certain, and then at an 
increasing schedule of prices, was considered the best 
method of proceeding: here all things were found by the 
contractor. 


Specification of certain works required to be done in sinking 
and steining a well for , of , to be excavated 
in a field called Great Daws, in a part of it to be pointed 
out to the contractor. 








Execavator.—To excavate a well 4 feet diameter in the clear 
when finished and stcined; to be sunk as deep as directed by 
Mr. Swindell, architect, under whose superintendence the 
work is to be done ; provide all buckets, tackle, ropes, windlass, 
&c. necessary for removing the products of the excavation, 
which are to be placed or piled in a part of the field where 
directed, within 60 feet of the opening of the shaft; provide 
all shoring, boring augers necessary for feeling the work, as the 
excavation proceeds; remove all extraneous water, and do all 
things necessary for completing the works. 

Steitning.—The bricks to be new, sound, hard, square, well- 
burned gray stocks. The steining to be 43-inch work, and to 
be laid dry in the most careful and approved manner, between 
the courses laid in cement, which cemented rings are to be 
three courses thick, and to occur as close as may be necessary 
for tke stability of the work, never exceeding 5 feet apart. 
Where land-springs occur, or in bad ground, the steining to 
be executed entirely in cement, and puddled behind. The 
first 4 feet from the surface to be steined in 9-inch work set in 
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cement. The best Roman cement and sharp Thames sand tu 
be used; the former to be gauged with half sand. 

The contract and conditions do not differ materially from 
those last given; and in both is a clause whereby the employer 
engages to pay the contractor, and to fulfil his part of the 
agreement, on receiving a satisfactory certificate from the 
architect that the works are going on well. 


Some Remarks on the Wells for supplying the Fountains in 
Trafalgar Square. 

From the position of the fountains, the discussions their 
appearance gave rise to, and the circumstances attending their 
execution, this national work is well worth attention: a descrip- 
tive sketch is therefore given of the wells, and of the engine for 
raising the water. The water is supplied by two wells, con- 
nected together by a tunnel, or driftway, which is run in the 
clay at a point lower than the position in the wells to where the 
water rises; the wells and tunnel are calculated to hold, when 
the water has attained its maximum height, 122,000 gallons. 
One of these wells is in Orange Street, and about 180 feet deep, 
with a diameter of 6 feet; the other is in front of the National 
Gallery, and is of very nearly the same depth, with a diameter 
of 4 feet 6 inches; the driftway is 6 feet diameter, and occurs 
about 5 feet from the bottom of the shafts; this driftway, or 
tunnel, is horizontal. The boring, which commenced at the 
bottom of the shaft, was continued to a greater depth in the 
well opposite the National Gallery than in the one in Orange 
Street; the total depth from the surface being, in one case, 
395, while, in the other, it was about 300 feet. The use of 
the tunnel is almost self-evident ; it acts, as may be supposed, 
as a reservoir to store the water while the engine is not at 
work ; thus insuring a sufficiency to supply the pumps, even 
should they draw the water away from the well faster than the 
same is supplied by the spring. The strata passed through 
by the two wells may be thus stated upon the authority of a 
section published in the ‘ Illustrated London News,’ 
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One in front of National Gallery. One in Orange Street. 
Made ground... . 9 feet Made ground .  . 15 fect 
Gravel. : . SoD Gravel. : ; as De. as 
Shifting sand : ny ae Loam and gravel . - 10 4 
Gravel ee ee London clay : . 145 ,, 
London clay : . 142 ,, Thin layer of shells. 
Thin layer of shells. Plastic clay . : . 380, 
Plastic clay . ‘ . 30 ,, Gravel and stones » 10° 
Green-sand, pebbles, &c. 11 ,, Green-sand . . 6 GO. 45 
Greensand. ws 42, Chalk, which, according to the 
Chalk . . ° ” above, is distant from the surface 
Total depth to chalk is there- 250 feet, the bore being continued 
fore 248 feet, and total depth of to a total depth from surface of 
well and bore 395 fect. ground of about 300 feet. 


The pumping engines are cn the Cornish plan; one is of 
the usual construction, having a beam, and the other, which 
is chiefly required as a reserve engine, is direct-acting, that is, 
the beam is dispensed with, and the piston-rod of the engine 
connected by rods directly on to the pumps. Though the 
mode of action of these and other Cornish engines cannot be 
thoroughly explained without complicated drawings, yet the 
following will give some idea of it, and, if attentively read over, 
while watching the working of an engine of this description, 
may assist the reader in the comprehension of its action. The 
steam, as before remarked in the Chapter on Pumps, &c., acts 
on the piston, if the engine be a beam engine, only during its 
down-stroke : to regulate this, a valve is required, situated so 
as to open and shut the communication between the steam in 
the boiler and the top of the cylinder, in which the piston 
slides, and a similar valve opening a communication between 
the top and the bottom of the cylinder: now, should this be 
open, the steam valve being shut, the piston will rise, for the 
counterweight at the opposite end of the beam will pull the 
piston_upwards, and the steam will circulate from the top to 
the bottom of the cylinder. A third valve is also required to 
open and shut a communication between the bottom of the 
cylinder and the vessel in which the steam is condensed ; so 
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that the steam, which in the down-stroke of the piston caused 
its motion, is, after having changed its position, by the 
opening of the equilibrium valve, from the top to the bottom 
of the cylinder, then by the opening of the cxhaust valve, let 
into the condenser. With this explanation the double stroke 
of the engine may be understood: supposing the steam valve 
and exhaust valve, opened by the preponderance of weights, 
released by the cataract, or instrument for regulating the dis- 
tance between the strokes, a downward motion of the piston 
commences, when at about one-third of its stroke, or less, the 
motion of the engine shuts the steam valve, the exhaust valve 
remaining open, the expansion of the steam shut in the upper 
part of the cylinder causes the piston to continue its motion 
to near the bottom of the cylinder, and at a point a little 
above the end of the stroke the exhaust valve is shut. The 
engine is now quite stationary; at the proper period the 
cataract releases the equilibrium valve weight ; the valve rises, 
and the up-stroke is performed by the aid of the counterweight, 
as before remarked. On the engine shutting the equilibrium 
valve, the up-stroke of the piston is stopped, and, after a 
definite period, by the action of the cataract, the steam valve 
is again opened. The steam being condensed, the under-side 
of the piston, it is almost needless to remark, is in vacuo 
during its down-stroke: this condensing apparatus is not 
common to the pumping engine alone, but is usually applied 
in all large engines. The advantage of condensation is equi- 
valent to an increased pressure of steam in the boiler, for it is 
manifestly the same thing in effect to withdraw a certain resist- 
ance opposed to the motion of the piston as to add additional 
urging force, the resistance being retained; and if, further, this 
resistance can be removed with less expenditure than the in- 
creased pressure can be gained, it is clear its removal is more 
desirable than increasing the pressure of steam. To condense 
the exhaust steam, we require plenty of cold water; to inttrease 
the boiler pressure, we require more fuel, and circumstances 
will determine which of these two it will be best to expend. 
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Artesian Well lately sunk at Camden-Statton. 

This work differs from the two former examples in the de- 
scription of steam engine and arrangement of the pumps, for 
as the engine is required to do other work besides pumping, 
the ordinary pumping engine is inadmissible. The well, the 
pumps, and the motive power are therefore mentioned in 
order. Firstly, the well; this is sunk to a depth of 180 feet, 
of a diameter in the clear of 9 feet 6 inches, and the steining is 
executed throughout the entire depth in cement. For 28 feet 
from the surface, unusual precautions are taken to exclude land- 
springs, &c.; they are, first, an inner steining of half brick- 
work set in cement; next, segmental cylinders of iron; next, 
a thickness of about 9 inches of concrete; and lastly, behind 
all this, a 9-inch steining of brickwork. From the depth of 
28 feet from the surface, the steining is 14 inches thick, and 
bonding curbs of iron occur at intervals. The boring, which 
commences at a depth of 180 feet from the surface, is con- 
tinued for 220 feet, and is of a diameter of 12 inches. ‘The 
water rises in the well 36 feet from the bottom, or to a height 
of 44 feet from the surface of the ground. The well-work 
was executed by Mr. Paten, of Watford; the pump-work and 
engines were made by Messrs. Bury, Curtis, and Kennedy, of 
Liverpool. The ground passed through in the execution of 
this well was as follows : 


Section of the Well at Camden Station. 


Feet 
Made ground . : : : ‘ ; 9 
Loam and gravel. : , : : 6 
Black earth . ‘ . : ‘ : 3 
Blue clay : ‘ . : ; . 144 
Mottled clay. ‘ ° ‘ , . 36 
Green-sand . ? ;: ° . ; H 
Pebbles . j ‘ , ; ° . 2 
Mottled clay . ; : : . e 8 
Plastic clay. : ‘ . . - |W 
Loam and sand ; ‘ . ° ° 5 
Pebbles and sand. ‘ ° ‘ . 2 


Carried forward . - 233 
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: Feet. 
Brought forward ‘ ‘ ; . 233 

Bed of flints. : ‘ : A 1 
Chalk . . ; ‘ : ‘ . 166 
Total depth . : - 400 


The boring-pipes are continued 60 feet up the well, the 
water being admitted from them by a sluice, which is situated 
about 4 feet from the bottom of the shaft. This sluice is 
worked by a handle placed above the water-level; the pipes 
themselves are steadied by stays, which are secured to the 
brickwork of the well. 

Secondly ; the pumps are in two pairs, cach consisting of a 
lifting-pump for the lower, and a plunger-pump for the upper 
lift. This arrangement of four pumps is used to insure 
uniformity of motion, for the steam engine being double- 
acting, that is, giving out as much power during the up as the 
down stroke of the piston, requires an equal resistance for 
each stroke. The lifting-pumps empty their water into a 
wrought-iron cistern, which is about 4 feet deep and 3 feet 
2 inches over, the back of it being curved to suit that of 
the well; the plan of the cistern being that of a sector. 
The suction-pipes of the plunger-pumps are inserted into this 
cistern; the plungers are 8 inches diameter, and the buckets 
of the lifting pumps, 8$”. The rising mains of the latter are 
11 inches diameter; the mains of the plunger-pumps are of 
course smaller, the working parts of the pumps being outside, 
and not surrounded by the mains, as the lifting-buckets are. 
For the same reason, only one main is required for the 
plunger-pumps; at the bottom of this is situated an air 
vessel, which is an apparatus whereby a constantly uniform 
stream of water flows from the main; its construction is very 
simple. It may be described as a vessel larger than the rising 
main, and into which, through an air-tight opening at the 
upper end, the main dips so as nearly to touch the bottdm of 
the vessel: water from the pumps being injected into this 
vessel will compress the air included in the space between 
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the orifice of the main and the upper part of the vessel; the 
elasticity of this compressed air will therefore continue to 
drive the water which has risen above the orifice up the main 
during the interval that the pumps are stationary, which is at 
the period of the change of stroke. 

Thirdly ; the motive power for working the pumps consists 
of a high-pressure beam engine of the usual construction, which, 
as before remarked, performs other work as well as pumping. 
This engine is of 27 horse-powcr. The power required for 
raising the water can be determined by any one, as all the 
data are here given for the calculation, it being borne in mind 
that the cistern into which the water is forced is 40 feet above 
the surface of the ground. The steam engine has a -I-fect stroke, 
and the motion of the pumps bcing taken off the beam, at 
points respectively midway between the centre of the beam 
and the two ends, gives as the stroke of the pumps 2 feet. 
The speed at which the engine travelled when the author 
visited the works was twenty-one revolutions per minute. 
The duplicate boilers for this engine are of the Cornish descrip- 
tion; they are 5 feet 10 inches diameter, and 22 feet long; 
sufficient steam is generated by one of them working singly, 
the other is kept as a reserve. The strength of the spring 
was tested when the works were completed, and the following 
was the result. The engine began to work at nine o’clock in 
the morning, and by continual pumping till twelve, lowered 
the water 11 feet 6 inches; by three o'clock, the engine still 
working, the water was lowered 6 inches more; at that point 
no further diminution was remarked. The water is remarkably 
soft, and for domestic purposes is excellent, but it does not 
answer for supplying the boilers of locomotive engines. An- 
nexed is an analysis of the water of the well under considera- 
tion, as also of that drawn from the wells belonging to the 
Railway Company at the Watford and Tring Stations: all 
thesé are sunk in the chalk formation, yet a great difference 
exists in the constituents of the impurities of the water. The 
analysis in all cases was made hv R,. Phillips, Esq. 
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The quantity of water experimented upon in the above 
analysis was one gallon in each case. The above particulars 
of the Camden well were obtained by the kindness of R. B. 
Dockray, Esq., C. E., through the mcans of documents in the 
Engineer’s office, Euston Station, and from personal examina- 
tion of the pump-work, &c. in the well itself. 
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Well at the Hanwell Lunatic Asylum. 

This work, which was executed a few years since, is remark- 
able on account of the height to which the water rises; indeed, 
the district is well suited for a purcly Artesian well, and in 
. this case it is quite evident that, had the well been entirely 
bored, the same amount of water would have been obtained, 
deducting the retardiug action caused by the friction of the 
water against the sides of the bore-pipe. In the ‘Sixty-eighth 
Report of the Visiting Justices of the County Lunatic Asylum 
at Ilanwell’ is a notice of this well, from which the following 
is compiled. The section of the ground passed through is as 
follows : 

Section of the Well at Hanwell. 
Feet. Inches. 
Vegetable soil, sand, and gravel . ‘ , 20 0 
Blue clay, with some brick clay on the top, “ 


and veins of stone occurring at intervals . 168 0 
{ndurated mud and sand. : : ; 22 0 


Carricd forward ‘ ~ 210 0 
b 
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Feet. Inches. 
Brought forward © «© « 210 


Pebbles and shells : ; 3 ee 2 


Mottled clay d : : ; a 23 
Sand and water . : d ‘ ; ‘ 
Mottled clay i ] 
Indurated sand andmud_ s_.. 

Clay . ; ‘ 


Green-sand and clay 

Bed of hard oyster-shells  . 
Pebbles ‘ ; : ‘ 
Flint stones bored into. A 


Ow Ww © © © & tO 
OOP cooocoecopapese 


Total depth a ; - 290 0 

In sinking this well, the shaft was carried down for the 
first 30 feet of a diametcr of 10 fect; from that point the 
diameter was 6 feet to that part of the mottled clay in 
which the iron cylinders were affixed. The cylinders were 
then lined with a brick steining, and the boring was con- 
tinued from thence to the bed of flints in which the work was 
discontinued. The supply of water from the sand-spring 
rose to within 16 feet of the surface of the ground; from the 
pebbles overlying the flints, the water rose to a further 
height of 8 fect, and from the bed of saturated flint stones, 
the water rose so as to overflow the surface at the rate of 100 
gallons per minute; and, 26 feet above the surface, the 
water overflowed at the rate of 23 gallous per minute. 
The supply proving so great, the large diameter of the first 
30 feet of well was found useless, and a rising main of iron 
was fitted to a cap which was inserted at that part of it 
where the 6-fect diameter commenced. The temperature of 
the water is about 53° Fahrenheit, and contains in each gallon 
48 grains of solid matter, consisting of salts of lime and soda, 
with a trace of iron. 

. Messrs. Vereu’s Well, Kilburn. 
This work was executed under the superintendence of the 


late Mr. J. G. Swindcll about the year 1818: the diamcter in 
the clear for 250 fect in depth is 4 feet: after that, boring 
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commences, and is carried down to the sand-spring of a dia- 
meter of 8 inches, and to a total depth from the surface of 
about 280 feet. The rise of water is to about 150 feet, or 
rather less, from the surface. The original intention in sinking 
this well was to have bored after attaining a depth of 200 feet 
(the water-level being well known in this district); but had 
such intention been persevered in, icars were entertained that 
the 50 fect of water in the well, being only the upper head of 
the spring, would be insufficient to supply the wants of the 
brewery: the extra 50 feet of digging were therefore ultimately 
determined on, and the experiment detailed in the following 
pages proves the view taken to have been correct; for if pumps 
be fixed at too high a level above the spring, the hydrostatic 
pressure of watcr is insufficient to cause the water to rise in 
the well fast enough to supply the pumps, even should they 
be small ones. The works were commenced in April, 1848, and 
for the first 10 fect the brickwork was in cement 9 inches thick, 
to exclude land-springs from the well: about 25 feet were exe- 
cuted the first week, and after that the work averaged about 
20 feet to the week, some wecks a little more, some a little 
less; the stiffness of the clay and the claystoncs, or septaria, 
which were found at intervals, affecting the speed of the work. 
The London or bluc clay, which was soon arrived at, extended 
to a depth of 235 fect,—the mottled clay, pebbles and sand 
followed much in the order of the sections before given, — 
while in the mottled clay the steining was not left unsupported 
with such impunity as in the blue clay: it is of a more soapy 
or slimy nature, and exposure to the air, together with these 
properties, renders it more likely to allow the brickwork to slip. 
On the execution of the steining it is only necessary to remark 
that the work was laid partly in cement and partly dry, and 
of a thickness of 43 inches. The cement used was blue lias 
(Greaves’s patent), and the bricks partly stocks and partly 
malm paviours. The cement was used stale and mixed thin, 
since otherwise it would have become partially set in being con- 
veyed down the shaft to the workmen, as, when near the full 
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depth, the time of journey down the well was nearly of three 
minutes’ duration.* The boring pipes were of wrought iron, 
the lower lengths perforated, the junctions being tinned in the 
usual manner. On obtaining the water, the quantity was tested 
by the aid of a temporary pump, the application of which is 
also useful in clearing the work, and ascertaining if any sand 
has blown into the well: this pump was an ordinary lifting 
pump of 6 inches diametcr, and working with a stroke in the 
barrel of about 9 inches; the rising main was bolted directly 
over the pump-barrel, which by it was thus suspended in the 
water; the main, on its passage up the well, was steadied by 
timbers ; the rods worked by this arrangement in the rising 
“main, and were carried to the top of the well, where motion 
was given to them by cight men: the result of the experiment 
was, that the pump, which threw about 24 gallons per minute, 
lowered the water about 33 feet, but no further, thus proving 
the strength of the spring when a head of 33 fect of water was 
taken off. Ifere the advantage of drawing the water from a 
point under its surface, as far as practicable, is made manifest ; 
indeed, the question is one turning on a law of hydrostatics, 
well known and casily calculated. The pumps were executed 
by another party, and it may suffice to say that they are of 
the description technically called three-throw pumps, and very 
good of their kind. The cost of executing this well, exclusive 
of the pumpwork, both temporary and permanent, was about 
£ 200. 


* The manner of using cement described in the text is one so contra- 
dictory to all the laws affecting that class of matcrials, that it is not 
possible to protest against it too strongly. In such a case as this, if it had 
been necessary to mix the mortar, or cement, above-ground, the proper 
material to have becn employed would have been blue lias lime, or some 
hydraulic lime whose rate of setting would have been sufficiently slow. 
Mortar made with an excess of water loses nearly all its valuable qualities ; 
when used stale it is also inferior to that which is fresh; and the same 
remarks apply, with even greater importance, to every description of 
cement.—G, R. B. 
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Well at Hampstead Heath, belonging to the Hampstead Water 
Company. 

This well was sunk in the year 1833, down to the main sand- 
spring, a depth of about 320 feet, and of a diameter of seven 
feet. Subsequently, as a rather greater supply of water was 
desired, a bore was carried into the chalk. The steining of the 
well is 9-inch work, laid dry, between rings set in cement; the 
back steining has its cement rings midway between those of 
the front steining. The lower part of the steining is held up 
by four tie-rods, which are bolted to a cast-iron curb let into 
the brickwork some distance up the shaft. The section of the 
ground passed through during the two operations of digging 
and boring is given below. ‘The situation is on the lower 
IIeath, where the Bagshot sands are wanting. 


Feet. 

Yellow clay . ; , ; ; : 30 
Blue clay ‘ ‘ ; : . . 299 
Plastic clay. ; ; P ‘ : 40 
Sand. ; : ‘ , : : 49 
Bed of flints, very thin, chalk hard . ‘ 40 

Do. soft, with water . ‘ : 4 
Chalk hard, no water. ‘ ‘ ‘ 28 


From this section it will be seen, that aftcr passing the chalk 
spring, the hard chalk underlying it supplied no water, thus 
proving that in sinking wells in this formation, when it is very 
hard, no water can be expected, till long lines of flints, fissures, 
or softer chalk, are arrived at. Mr. Hakewell, the Engineer 
under whose orders this boring was executed, paid particular 
attention to the conditions of the supply from the chalk, and 
the fact that no water was furnished by the hard bed under 
the spring influenced his proceedings in the execution of the 
well at Kentish Town. The water is raised in this well by 
means of three lifting pumps, situated at different heiggts up 
the shaft. Each lift averages about 100 feet, and the sizes of 
the pumps are 88” diameter of bucket, by a Iength of stroke of 
2 fect 3 inches; the lowest pump is slung in the water by having 
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its rising main, which is of larger diameter than the bucket, 
secured by flanches and bolts to cast-iron girders, arranged for 
that purpose in the well, where the two lower lifts terminate. 
The pump-rods pass through stuffing-boxes from inside the 
rising main. The cisterns, from which the second lift draws 
from the first, and the third from the second, are very small, 
being only branched from the rising main, and in capacity but 
little larger in diameter than the pump-barrel, just in fact suf- 
ficient to hold a supply for the higher lift. The rods, when 
inside the mains, are steadied by triangular guiding pieces 
encircling them, and, where outside the mains, they pass 
through wooden cleats, which are secured to cast-iron girders. 
Situated at the top of the well is a cast-iron framing, with 
upright guides. Between these guides work cast-iron wheels ; 
to the axle of these wheels the pump-rods, and also the con- 
necting rods from the cranks, are attached; thus, though the 
tendency of the crank in its revolution is to pull the rods from 
a vertical line, the effect of the pulleys is to keep their motion 
in a straight one. 

Some important observations may be made upon the results 
of the wells described above, all of which are sunk in what is 
called the London Basin. Firstly, In the case of the Camden 
Town well, the quality of the waters is such as to show that 
the whole supply is furnished by the loam and sands of the 
basement beds of the London clay. The boring in the chalk, 
under these circumstances, was worse than useless, for it only 
let the water from the sands into a part of the subjacent for- 
mation, which was likely to be more absorbent than the 
surface, because at the junction of any two strata there usually 
exists a layer of silt or clay which renders the escape of water 
from the upper to the lower rather difficult. This well may be 
considered as having been carried down 166 feet deeper than 
was necessary. 

Secondly, In the chalk itself there does not appear to be any 
other indication of the flow of water sufficient to guide the 
operations of the Engineer, than what is furnished by the 
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materials traversed. The water circulates through it princi- 
pally along the lines of fissures, and not by general permeation 
of the whole mass, owing to its general porous nature and its 
close texture. It happens, however, especially when it under- 
lies some impervious stratum, that the body of the chalk itself 
is saturated with water, and a portion is left free to circulate 
upon any retentive layer which may exist within it. The 
layers of flint, which sometimes occur in regular stratification 
over large areas, serve to hold up this free portion in the 
upper or soft chalk; and it therefore must be upon the top of 
these layers that we must seek for a supply to a well sunk in 
this formation, unless any water-bearing fissure be traversed. 
In the lower members of the scrics, the comparatively speak- 
ing impervious beds of the chalk marl perform the same 
function of water-bearing strata that the beds of flint do in the 
wells hitherto sunk near London. 

The very remarkable work, by Mr. J. Prestwich, upon the 
‘ Water-bearing Strata of London,’ should be in the hands of 
every person who desires to become acquainted with (his 
branch of Engineering. 


Well at Fort Regent, Jersey. 


This work has been described by Major H. D. Jones, R.E., 
in the ‘Professional Papers of the Corps of Royal Engineers.’ 
The following quotation from parts of his description will 
no doubt be acceptable to the reader: —‘ Fort Regent was 
constructed during the late war between Great Britain and 
France. The works were commenced about the year 1806. 
The fori is erected upon the Town IIill, a bold promontory to 
the south of the town of St. Helier, which it commands most 
completely, the town being built at the foot of the rock. The 
summit of the hill was above 170 feet above the level of high 
water. In its character it very much resembles Gibraltar, a 
bold rocky feature, rising abruptly from the sea, and ‘having 
scarcely any perceptible connexion with the hills to the north- 
ward and eastward, which encircle the town in those directions. 
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The South Hill is formed of compact syenite, weighing 165 tbs. 
per cubic foot. The rock is stratiform, with vertical joints ; 
the general direction is east and west. There were no springs 
upon the surface of the hill, nor anything indicating on the 
face of the scarped rock that it contained such an abundant 
supply of water ; it must, consequently, have been upon the 
conviction that water would be found by sinking to the same 
level as the water stood at the Pigeon Pump, in Hill Street, 
(240 yards distant from the point where the well in the fort 
has been sunk,) that Major Humphry, the commanding 
Engineer, was induced to recommend the attempt being made. 
The operation, although it cost much time, labour, and 
expense, has been most completely successful. After sinking 
through 234 feet of compact rock, and upon firing a blast, the 
spring was laid open, the water from which immediately rose 
in the shaft to a height of 70 feet, and has rarely since been 
lower. During the progress of the work, water had been 
found at different points, but not in any quantity sufficient to 
retard the workmen, until the lucky blast above mentioned, 
when it poured in like a torrent, to the great astonishment of 
the miners who were suspended in the bucket, waiting the 
effects of the explosion.”” The temperature of the water in 
this well is 50° Fahrenheit. Some further memoranda from 
the same source are:—‘‘The following details, extracted from 
the office books, will afford some idea of the difficulty of the 
operation, and the time and labour consumed in sinking the 
well. The work was commenced in December, 1806, and 
continued night and day until November, 1808 : 
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Number of 
Commenced 1806. Miners Feet sunk Price paid 
per month. | per month. per foot. 
Livres 
December . ‘ 14 13 60 
1807. 
January. ‘ , 12 84 72 
February. : , 12 3 96 
March é : : 12 9 108 
April . ‘ ‘ ; — —_ — 
May. . . . 12 5 120 
June . j ‘ ‘ 12 li 108 
Juy. oo... 12 8 108 
August F d ‘ 12 103 lil 
September . ; ; 12 10 108 
October. ; ‘ 12 9} 108 
November . : i 12 9 108 
December . : ‘ 12 9 108 
1808. 
January. ‘ , 12 9} 108 
February . ; F 12 74 108 
March ‘ F , 12 103 108 
April . : ; ‘ 12 9 108 
May . . : ; 12 12} 108 
June . ; , ; 12 13 108 
July . : , : 12 10 108 
August é ; ‘ 12 11} 108 
September . : ‘ 12 9} 108 
October. ; ; 12 9 108 


Average cost, 10s. per foot.—Total expense, £2599. 8s. 74d. | 


‘* There were expended, during the progress of the work, of 
the following articles, the under-mentioned quantities, viz. : 


Candles , : ‘ ‘ - 976 tbs. 
Coals . . : ‘ i . 1659 bushels, 
Gunpowder . ‘ : ; . 2848 tbs. 
Lamp oil. : ‘ ‘ ‘ 82 gallons. 


Miners’ tubes ‘ : 5 . 9852, 


‘There are two cisterns capable of holding 8000 gallons 
each. The water is pumped into them by machinery, to be 
worked either by horses or men, the same machinery being 
applicable to the working of a buckct in case the pump 

DS 
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should be out of order. The pump is 4 inches diameter, 
with brass bucket and valves, with $95 feet of wrought-iron 
rod, jointed every ten feet, and eighteen 10-feet lengths of 
54-inch iron pipe. Cost, £495. 15s. 

‘The machinery for working a bucket from the horse- 
wheel, independent of the pump, consisting of a barrel on the 
horizontal shaft, with clutch-box, lever, and pulleys for leading 
the ropes, cost about €35.’’—‘‘ The total expense, including 
the labour in fixing machinery or incidental expenses, amounted 
to £667. 15s. Thus, for a sum little exceeding £3000, there 
is obtained for the garrison an inexhaustible supply of excel- 
lent water. ‘Twenty-four men, working for two hours, with- 
out fatiguing themselves, can with ease pump into the cisterns 
800 gallons of water.”’ 


Artesian Well at Grenelle. 


This well was sunk at the expense of the town of Paris, for 
the purpose of supplying the abattoir, and the district or 
quarter of Grenelle, under the directions of M. Mulot. 

At St. Ouen and St. Denis, near Paris, Artesian wells had 
already been sunk through the tertiary formations, until they 
reached the sands which lie upon the chalk; and a copious 
supply had been obtained from them. But at Grenelle it was 
known that so great a difference existed in the geological 
structure of these formations, that it became necessary to 
resort to some other source. The ‘calcairc grossier,’ in fact, 
of the more northerly parts of Paris is replaced at Grenelle by 
a series of marls and clays, which do not allow the free passage 
of the subterrancan sheet of water. M. Mulot, then, reason- 
ing upon the results obtained by the wells at Elbceuf and 
Rouen, considered that it would be necessary to traverse the 
chalk formation itself, and to obtain a supply from the lower 
green-sands. At Elbceuf, where the ground is about 27 feet 
above the sea, the water rose to about 82 feet above the 
ground, or 109 feet above the sea. As the plain of Grenelle 
is 104 feet above that level, M. Mulot thought, very correctly, 
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that if he reached the same sheet, the water would necessarily 
flow over the surface. MM. Arago and Walferdin, who 
brought to M. Mulot’s assistance the influence of their scientific 
knowledge and their great reputation, found in the course of 
their examination of the district that the level of the green- 
sands at Lusigny, 12 miles above Troyes, where the Seine 
leaves those formations, was nearly 300 feet above that of the 
plain of Grenelle. The inference they drew from this fact 
was, that the water would not only overflow the bore-hole, but 
also rise to a very considerable height above the ground. 

Upon these reasonings M. Mulot commenced his work; and 
after eight years of indefatigable labour, in spite of all the 
accidents of the undertaking and the sneers of jhe incredulous, 
on the 26th of February, 1841, his perseverance was crowned 
with the most signal success. The depth attained at the 
period of reaching water was not less than 1802 feet from the 
surface, or about 1698 feet below the Icvel of the sea. The 
strata traversed were as follows: 


Drift gravel, about . : ° . 33 ft. Oin. 
Sand, clays, lignites, &c., eealaciug the cal- 

Caire grossier . ’ : - 100 =O 
Fragments of chalk in a species ‘of clay. 16 «66 
Chalk. , : ‘ : : . 1878 0 
Chalk marl. , , . ‘ 88 §6 
Gault clay and green- sands ; : . 186 0 

Total . . , - 1802 0 


When the water rose to the surface, it was ascertained to be 
of a temperature of 81°81 Fahrenheit; and it remains of that 
degrec to the present day. M. Walferdin, who watched the 
progress of the work with great interest, made a series of 
observations to ascertain the law of increase of temperature at 
great depths. He found that at Paris the thermometer re- 
mained constantly at 53°°06 Fahrenheit in the cellars pf the 
Observatory, which are 94 feet below the surface: in the 
chalk, at 1319 feet from the surface, it marked 76°3; in the 
gault, at 1657 feet, it marked 79°61; thus showing that in 
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the depth of 1553 feet the increase of temperature was 26°55, 
or about 1°°7 Fahrenheit for every succeeding hundred feet 
beyond the depth of constant temperature. According to this 
law, the temperature at the depth of 1802 feet from the sur- 
face ought to have been 81°'96 nearly; and that of the waters, 
stated above to be 81°81, is a striking illustration of the 
beauty and correctness of the inductive reasoning followed by 
M. Walferdin. 

Amongst the numerous difficulties attending a work of this 
kind, those arising from the rupture or fall of the boring-tools 
were the most dangerous. Thus, when a depth of 1250 feet had 
been reached, a length of about 270 fcet of the rods fell to the 
bottom, and broke into several pieces. It required all the in- 
genuity of M. Mulot, and not less than 15 months’ labour, to 
remove the fragments, one by one, by the aid of a screw-tap, 
which was made to fit upon the ends of the rods. In April, 
1840, a chisel fell to the bottom, and buried itself in the solid 
chalk. In this case it became necessary to clear away all 
round the tool, and to raise it by the same means as before. 
About three months before the water-bearing stratum was 
reached, a shell also fell to the bottom: M. Mulot pushed 
this aside, and continucd the boring beyond it. 

Drawings of some of the tools uscd by M. Mulot are added. 
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2, is the screw-tap contrived for raising the fragments of the rods 
from the bore. 

a chisel, similar to the one which fell to the bottom. 

a screwed plug, fitting into the tubes, by which these are lowered 
to their positions. 

d, a scoop, with, ball-clack, for removing wet sand. 

, an ordinary shell. 

J, an auger for enlarging the bore to place tubcs. 


& 


y 


© 


’ 
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The quantity of water supplied by this well is about 
800,000 gallons per day, rising to a height of 122 fegt above 
the ground. The total cost was about 400,000 francs. It is 
to be observed that even now the rising pipes are occasionally 
choked with the sand from below. 
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Artesian Wells in the T’ alley of the Loire, near Tours. 


M. Degousdée mentions that he has executed no less than six- 
teen borings of this description in the department of the Indre 
et Loire, of which ten are in Tours itself, and six in the neigh- 
bourhood; their average depth is about 150 métres, or 500 feet. 
Only two of these borings were unsuccessful, viz., that of Fer- 
riéres Larcon, and that of Evres, situated in the neighbour- 
hood of the outcrop of the cretaceous formations, upon the 
Jurassic limestone of the province of the Poitou. All the 
others furnish a copious supply, and, with the exception of that 
of Marmontier, the water flows over the surface. The waters 
of these wells are employed for many industrial purposes, 
amongst which the most interesting are their adaptation to 
mills and irrigation. The cost of these wells was upon the 
average about £1 per foot lineal of descent. 

The well at the abattoir of Tours passes through the lower 
tertiary formations and the alluvions of the Valley of the 
Loire. The water rises from the green-sands, below the 
chalk, which immediately succeeds the tertiaries; and the 
total depth of the boring is 146 métres, or about 478 feet. 
M. Degous¢e mentions that subsequently to the execution of 
this boring under his orders, M. Mulot executed another at 
the hospital in the immediate vicinity, and that the yield 
of the well of the abattoir has been considerably diminished in 
consequence. 

The non-success of the borings at Evres and Ferriéres is 
worthy of remark, as illustrating the uncertainty of this class 
of operations. At Evres, the chalk is covered by 395 feet of 
marls, sands, and sandstones of the tertiary formations, yield- 
ing water. The chalk is about 167 feet thick, and the clays 
and sands of the subcretaceous series are traversed to a depth 
of 66 feet without any water rising from them. The total 
depth of this well is exactly 191°66 métres, or 628 feet 
6 inches. At Ferriéres, the chalk was met with at 30 feet 
from the surface, and traversed in a thickness of 219 feet. 
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The boring was continued to an additional depth of 235 fect, 
or about 454 feet from the surface in the clays and sands of the 
subcretaceous formations, and was continued about 30 feet 
deeper in the marls of the Jura limestone series. As both 
these positions are favourably placed with respect to the level 
of the river Creuse, which is supposed to feed the Artesian 
wells in the Touraine, the only explanation of their unsuccess 
must be found in the existence of some fault by which the flow 
of the subterranean shéet of water is intercepted. 


Well near Calais (Department of the Pas du Calais). 


This well is another instance of the uncertain results to be 
met with in the prosecution of deep borings. The bore was 
continued through the chalk, and the whole range of the sub- 
cretaceous formations, into the transition rocks immediately 
underlying the green-sands ; but no water was met with,— 
under serviceable conditions at least. Mr. Prestwich gives 
the thickness of the strata traversed as follows: 


Feet. 
Gravel,andloosewet sand . . . . . 80 
Clays, sand, and pebble beds . . ‘ . . 161 
Chalk. . .« © «© «© © « « 462 


Upper grecn-sand . : ‘ ° ; ‘ ; 3 
Gault . a ‘ ‘ : ° ‘ : . 24 
Lower green-sand . , ‘ : ‘ ; ° 17 
Transition rocks . , ‘ . : F . 103 


Total . . : ° , , . 1150 


In this case, also, the subterranean stream is in all probability 
intercepted by a fault. 


Well at Chichester. 
In Mr. Gatehouse’s Well, South Street, Chichester, the 
following strata were traversed : 


Strata. Thickness of strata. From ground. 
Vegetable mould. . 6 ft. 0 in. 
Gravel. ‘ ; : 16 «6 22 ft. 6 in. 
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Strata. Thickness of strata. From ground. 
Ned sand . °. . ; 0 ft. 6 in. 23 ft. 0 in. 
Blue clays . ; ; . 60 £O 83 60 
Coloured (mottled) clays . 97 0 180 0 
Chalk. ; : ; . 429 #0 909 0 
Chalk marl . 3 - . 61 O 970 O 
Upper grecn-sand : . 8t 0 1054 0 


The boring was stopped in October, 1844, and about 370 
feet in length of the rod, and the slush-pipe attached to it, 
were left in the bore; nor has any subsequent attempt been 
made to extract them. No pipes were uscd in the sand. 

The quantity of water yielded is very small. One of the 
most remarkable facts connected with this well is, that the 
water-line is about 18 feet from the surface of the ground, 
whilst that of the wells of the same district, supplied by infil- 
tration from the superficial gravel, is only six feet below the 
surface. The point where the Arun leaves the green-sand 
formation, a little above Chichester, is, however, at a sufficient 
clevation to have warranted the expectation that the water 
would have overflowed. 

The water from this well at present is decidedly chalybeate, 
and has a very strong and repulsive taste and smell of sulphu- 
retted hydrogen; its temperature is not such as to indicaté 
that it rises from the green-sand. 


Well at Southampton, on the Common. 


This well was commenced upon a report made by Mr. Clark, 
of Tottenham, to the effect that a copious supply of water 
would be obtained from the chalk in the position of an experi- 
mental boring made by that contractor. The Town Council 
very unfairly, and, as circumstances proved, very unwisely, did 
not employ Mr. Clark to carry out the plan he suggested, but 
entered into a contract with a party in the town, who, as might 
have béen anticipated, failed, and left the work to be com- 
pleted by his sureties. The latter carried a well through the 
sands, clays, and mottled clays of the Hampshire tertiaries, 
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into the chalk, to a depth of 560 feet from the surface of the 
ground, and about 106 feet into the chalk; a boring was then 
commenced, and after a period of fifteen years from the date 
of obtaining the Act of Parliament for these works, and a 
positive expense to the rate-payers of about £13,000, the 
work has lately been abandoned when a depth of not less than 
1317 feet had been attained. As a question of abstract science 
this is to be regretted; because the solution of the question of 
the possibility of obtaining a supply by means of Artesian 
wells from below the chalk is very desirable, and it might be 
attained in this case with comparative ease. But the arguments 
brought forward by Mr. Ranger appear to be sufficiently cogent 
to justify the discontinuance of the experiment at the expense 
of the town. Public money should never be expended, in fact, 
unless with a certainty of attaining the end proposed ; it should 
never be employed in carrying out theoretical views or for the 
attainment of what may be called hypothetical, or eventual, 
advantages. It is to be hoped that some scientific body, or 
some lovers of science, may take up this question in its present 
state. 

The strata traversed may be bricfly described as consisting 
of the following materials, viz. : 


A series of sands and clays, with beds of loam, 
intercalated, which appear to represent the 
Bagshot sand formations of the London 


basin; in thickness . i ‘ 90 ft. O in, 
Clay with lignite, shell limestone, palibles and 

sand of the tertiary formations . : - 21 4 
Mottled clays and sands; the basement beds of 

the tertiarics . ‘ , ‘ ; i 82 6 
Chalk, with flints . ‘ ; . 851 0 


Chalk mar], as far as boring hike proceeded , 12 3 


These dimensions, however, are only approximations, hecause 
it is almost impossible to say that the precise limits of either 
the great tertiary clay, or of the chalk marl, can be clearly 
defined. 
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Recent analysis of the water of this well shows that there is 
present in it a very large proportion of common salt in solution. 
If this be found to be the normal condition, it would lead to 
the conclusion that there is an under-ground communication 
with the sea, although the height to which the water rises 
(viz. 100 feet above the latter) proves that it can only exist 
by infiltration through the pores of the chalk. 


Artesian Well at Northam, near Southampton. 


In the lower part of the town of Southampton there are four 
wells, supplied by the waters rising from the lower members 
of the tertiary series. Two of these are in the Docks, one in 
the Railway Station, and one at Northam was sunk by the 
Town for the supply of the inhabitants. 

The wells of the Docks and of the Railway Station vary 
from 220 to about 210 feet, and being very close together, 
they have produced a re-action, which has materially affected 
the quantity they respectively yield. The Northam well, how- 
ever, is much deeper; for the bottom, still in the blue clay, is 
at 375 feet 6 inches from the surface, although the Dock and 
Railway wells derive their supplics apparently from the sands 
lying between the clay and the chalk. It would be fair to 
assume from this fact of the difference in the thickness of the 
strata, that the Northam well is situated upon a species of 
gully or depression of the chalk. 


CHAPTER VIII. 


STRATA OF ENGLAND AND WALES IN REFERENCE TO 
THEIR SPRINGS, 


"6 
Tae most superficial observer must be aware that the com- 
ponents of the surface of the earth vary greatly in different 
situations ; in some places hard, crystalline, unstratified rocks 
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make their appearance; whilst in others soft strata, evi- 
dently bearing the character of having been deposited in 
layers, will be found. This disposition a little closer exa- 
mination will show not to be the result of an accidental con-. 
fusion, but to follow from an order of superposition which 
it has been the province of Geology to ascertain. The purport 
of the present chapter is to lay before the reader the relation 
of these various substances composing the carth’s crust, as 
connected with the subject of springs; and because the sur- * 
face of the crust may be taken as an index of what may be 
expected underneath, it is desirable to give the order in which 
the various rocks and deposits are found. The reason that 
in all cases the same distance does not intervene between the 
lower rocks and the earth’s surface is simply from the fact of 
the inclined, and not horizontal, position of the strata; and 
the alteration in the position of the strata may easily be 
traced to disturbances of a subsequent date to their deposition. 
Although the lower rocks outcrop and show themselves in 
many places on the earth’s surface; and further, though some 
usually intervening rocks may be, and often are, missing 
between some of the upper and under beds of the series, yet, 
except under very unusual circumstances, none of the upper 
ones will underlie the deposit or rock which the order of super- 
position usually places them above. Descending from what 
Geologists consider the latest formation, a section of the earth’s 
crust may be represented as follows; a great many subdivisions 
being of course omitted. 
Formations above the Chalk. 

Vegetable soil, gravel, crag sand, London clay, septaria. 

Plastic clay, with beds of sand. 

Cretaceous Group.—Chalk, chalk marl, upper green-sand, 
gault clay, lower green-sand, weald clay, iron sand. 

Oolitie System, Upper Series.—Purbeck beds, Portlang beds, 
calcareous sand, Kimmeridge clay. 

Middle Series.—Coral rag, yellow sands, calcareous-silicious 
grits, Oxford clay. 
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Lower Oolitic Sertes.—Cornbrash limestone, and forest 
marble, great oolite, or softish freestone, layers of clay, Stones- 
field slate, fullers’ earth, clay, sandy limestone, or inferior 
oolite. 

Lias Formation—which consists of limestone beds, divided 
by layers of clay. 

New Red Sandstone Group—consisting of variegated marls, 
sandstones, conglomerates, gypsum, rock salt, bone red, or 
dark-coloured limestone, blue and blackish limestone, alter- 
nating with clay and marl, &c. 

Magnesian limestone. 

Carboniferous Group.—Coal measures, sandstones, clays, 
shales, ironstone, millstone grit, mountain limestone. 

Old Red Sandstone Formation. 

Silurian System, comprising argillaceous limestones, sand- 
stones, quartzose flints, flagstones, schist. 

Cambrian System, or inferior stratified rocks of clay slate— 
mica slate, with dark-coloured limestones, sandstones, &c. 

Plutonic Rocks, as granite, sycnite greenstone, hornblende, 
serpentine, &c. 

It is not here intended to explain the properties of the 
various substances mentioned above, excepting so far as they 
are connected with the consideration of springs in them. The 
vegetable soil comes first under review; such soil, if it rest 
on gravel or sand, will always be dry; but if it rest on clay, 
or any other retentive strata, will, unless well drained, be a 
complete swamp; on such a substratum rest those soils 
where the springs are within a few feet of the surface ; should, 
however, gravel or sand succeed the surface soil, no water can 
be expected in it till a retentive seam of clay or other imper- 
meable matter be met with. When sand, as at Hampstead, 
rests on London clay, very litfle difficulty is occasioned in 
getting a sufficient water supply from it; but such land-springs 
are, from their nature, very variable. | 

Gravel oftentimes rests on porous chalk, in many parts of 
Hertfordshire, for instance; in such positions no water can be 
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expected to be met with in wells in the gravel, but they must 
be sunk to the saturated point of the chalk. 

London Clay.—In this formation there are few springs, and 
though by chance one may be met with, nobody would think 
of sinking a well in the London clay in full anticipation of 
getting water till that formation was passed through, and the 
beds of sand in the plastic clay formation were entered; in 
these there is a very copious supply. 

Cretaceous Group.—The quantity of water in this group 
is enormous; the lower portion of the chalk itself, as far as 
the denseness of the material will allow, is fully saturated ; 
all fissures in it are completely full, forming literally subter- 
ranean rivers. The strata directly under the chalk, consisting 
of retentive marl, will make it appear clear to all why the 
lower portions of this formation should contain so much 
water. The long lines of flint in chalk have been remarked 
on before, as favouring the percolation of watcr, and so has 
the fact that, in the London chalk basin, those circumstances 
exist that are required to insure the success of sinking Artesian 
wells. When wells are sunk in the lower green-sand formation, 
water may be met with where clay scams occur; the water 
which supplies the decp-scated springs is held up by the weald 
clay under the sand. The water supplied by the iron sand is 
generally arrived at by sinking deep wells; but it is often 
impregnated with iron. 

In the upper oolite system little water can be expected in 
the impermeable beds of Purbeck and Portland stone, except 
in fissures; under the Portland bed, however, is porous 
matter, and the water absorbed by it is retained by the under- 
lying clay, thus rendering it accessible. In the middle oolitic 
series, the Oxford or clunch clay is the retentive medium, 
and wells must be sunk to the saturated portions of the over- 
lying porous matter. In the Oxford clay itself are few springs. 
The lower oolitic formation has water retained by clay scams. 
In the cornbrash limestone and forest marble the wells are not 
very deep; under the great oolite, the fullers’ earth clay 
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retains the water. The limestone itself is porous to a certain 
extent, therefore wells must be sunk in it to its line of satus 
ration, or its junction with the clay underneath. 

The upper retentive beds of the lias formation supply water 
to the wells sunk in the lower oolite; and water may be met 
with in the upper portions of the lias formation for the same 
reasou. Wells sunk in the lower portions of the lias formation 
have water retained in them by the upper marls of the new red 
sandstone group. 

The alternations of sandstone and clay, rock salt, &c. in the 
new red sandstone, render water procurable in that group. 
The newspaper accounts of a shaft sunk in this formation 
at Gorton, by the Manchester and Salford Water-works Com- 
pany, relate that tle well is seventy yards decp; there are 
radiating galleries from the main shaft, and the quantity of 
water raised by the engine equals 2,000,000 of gallons per 
day. 

In the magnesian limestone, fissures and holes containing 
water must be worked for. The great quantity of water in 
the carboniferous group is probably known to all, it being an 
element which, were it not for the large pumping engincs 
constantly at work, would greatly impede the operations of 
the miner: the alternating porous and retentive matter in 
this formation fully accounts for the appearance of the water. 
The mountain limestone being porous, water can only be 
met with when beds of clay occur; the lower portions, how- 
ever, of this formation are saturated, because impervious 
layers separate it from the porous beds of the old red sand- 
stone. In this latter formation there is no lack of water, its 
components being partly porous, with retentive intervening 
layers. 

Owing to the stratified character of the Silurian system, 
water may be met with in it; and in the lower Plutonic rocks, 
where they show themselves at the surface, the only chance 
of getting water is by sinking till a fissure fully charged with 
watcr is arrived at. Such an operation as this was carried 
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on at Fort Regent, before alluded to; the rock in which 
that well is sunk is compact syenite, intersected with vertical 
fissures. 

The following remarks on the properties of water may be 
interesting to those who, having sunk a well, wish to ascertain 
the character of the water, or to others who may be called 
upon to approve or disapprove of any particular supply. 

Perfectly pure water is never met with in nature; indeed, 
the addition of foreign matters renders it beneficial for a 
variety of purposes; should it be required, however, abso- 
lutely pure, recourse must be had to distillation. Its compo- 
nents by weight are eight parts of oxygen gas and one of 
hydrogen, making an aggregate of nine parts of pure water, 
which is quite tasteless, odourless, and colourless, is a great 
solvent, and absorber of gases; of some of them it absorbs 
its own bulk, which is one great reason why potable water 
should be kept free from the influence of all deleterious 
vapours and gases. Rain and snow water, when first col- 
lected, are considered as the purest water naturally supplied; 
to insure purity, they should be collected at some distance 
from any large town. Tis description of water is, however, 
peculiarly liable to the decomposition of the animal and 
vegetable matters it collects in its passage through the atmo- 
sphere. In hot weather and in hot climates, this change 
takes place most rapidly. Spring water is modified by the 
strata through which it traverses, and the expressions hard-~ 
ness and softness refer to the relative quantity of salts with 
which the same is charged. The earthy impurities have the 
property of decomposing soap, which substance, therefore, is 
a criterion to judge of the softness of any water. By adding 
to a given quantity of any water a certain amount of soap 
dissolved in alcohol, the appearance of the curdy precipitate 
formed will at once show the relative hardness of the liquid. 

Some of the substances that are usually found in spring 
water are as under: 

First, carbonic acid gas. The limits in which this gas 
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occurs vary of course with the chances the water has of ab- 
sorbing it. When freely exposed, water will absorb as much 
as its own bulk. It may be detected by lime water, with 
which it forms a white insoluble precipitate. 

Sulphuretted hydrogen gas is often found in mineral water. 
It may be detceted by carbonate of lead, on the addition of 
which, when the gas is present, a dark tint will show itself. 

Chloride of sodium, or common salt, is also an ingredient 
of some waters. This, together with muriatic acid, can be 
detected by the nitrate of silver. The precipitate thrown down, 
on exposure to light, soon turns black. 

Carbonate of lime, or chalk, being insoluble, is never found 
in water; but when an excess of carbonic acid is present, the 
bicarbonate resulting is soluble, and is very commonly met 
with. Boiling some of the water will drive off the excess of 
carbonic acid, and the chalk will at once make its appearance 
in a thick cloud. It is this which occasions the fur on tea- 
kettles and boilers, where this description of water is used. 
Salts of lime are readily detected by oxalate of ammonia; 
also, when the quantity 1s great, by adding carbonate of soda. 
Ferro-prussiate of potash will make known the presence of 
salts of iron; and with salts of Jead the metal will be preci- 
pitated slowly by a piece of zinc, or form a white precipitate 
with sulphuric acid. Nitrate of barytes will detect sulphuric 
acid. Salts of potash may be found by bichloride of platinum, 
which will form a yellow crystalline powder. Soda, which 
has properties similar to potash, differs from it in not forming 
a precipitate with the above-mentioncd test. 

According to the quantity and nature of the foreign matters 
found in water, so has it received certain names indicative of 
its character. Thus, saline waters are those that contain salts 
of soda, lime, or magnesia, &c., the combination generally 
being with sulphuric and muriatic acid. Chalybeate waters 
usualf¥ contain either carbonate or sulphate of iron. Many 
Buch springs of water are found; Tunbridge Wells, for in- 
stance. Sometimes the chalybeate and saline properties are 
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combined. Such a compound water as this is found at Chel- 
tenham. Acidulous waters contain much free acid, usually 
carbonic, which imparts to it a sparkling character. At times, 
the acid is muriatic or sulphuric. Sulphureous water abounds 
in sulphuretted hydrogen gas, It is often used medicinally, 
and is extremely unpalatable. The waters of Harrowgate are 
of this class. 

The above tests will at once show the character of any pro- 
posed water, and by evaporating a quantity to dryness, and 
weighing the solid residue, the quantity of earthy matter may 
be arrived at. For the purpose of dissolving out, in hot 
water, the properties of immersed substances, the softer the 
water is the better; but when it is only to soften and but 
slightly change the character of any substance, as, tor instance, 
in cooking vegetables, hard water is by some people supposed 
to be superior; it prevents their colouring matter and properties 
from being abstracted. This may be owing either to the direct 
chemical action of the salts, or to their occupying the spaces 
between the pores of the liquid. Some water may be kept 
with impunity in leaden vessels; with others the attempt is 
highly dangerous. Acids act upon lead; but with sulphuric, 
arsenic, hydrodic, and phosphoric, a crust is formed on the 
surface of the metal, which thus protects the lead from 
further action. Water charged, therefore, with these acids, 
may safely be kept in lead; but if the acid be carbonic, the 
result is very different; the crust is not a protecting one, but 
mixes with the water as fast as it is formed, thus leaving a 
clear surface of lead always ready to be acted upon, and 
disseminating through the mass of water a poisonous salt of 
lead. 

It is important, however, to observe that whatever may be . 
the chemical qualities of the water obtained from a well, there 
is always a great danger attending its use as a beverage, unless 
there be a consumption sufficiently great to keep up a con- 
tinually renewed supply. Necessarily in such positions the 
water is, to a greater or less degree, stagnant; it can be but 
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little aerated, and from its lengthened contact with the earth, 
or the sides of the well, it must be ‘exposed to take up any 
soluble salts they may contain, particularly the carbonates or 
the sulphates of lime, which are very likely to be furnished by 
the masonry. It is also known that town wells are affected to 
a serious extent by the nitrates arising from the decomposition 
of the organic matter which permeates the soil. Baron Liebig 
and Dr. A. Smith have respectively detected the presence of 
the nitrates in the wells both of Giessen and Manchester, and 
the same fact occurs in London to a surprising extent. The 
waters so affected are very unwholesome, of a disagreeable 
flavour, and likely to produce cholic. 

In lining or steining wells, therefore, it is advisable to use 
only silicious materials, or bricks so thoroughly burnt as not 
to be able to part with the carbonate of lime originally con- 
tained in the earth of which they are made, and to bed these 
materials in Roman cement, or at least in a lime obtained from 
the calcination of a decidedly argillaceous limestone. Chalk 
lime, or the common grey lime used near London, should be 
rejected in all works of this description. 

Great care should also be taken to isolate any well from the 
infiltrations of dung-pits, cesspools, cemeteries, dead wells, or 
other sources from which it might be exposed to receive any 
nitrates. As the infiltrations from these sources occasionally 
extend to considerable distances, great precautions are required 
to insure their perfect exclusion. But after all these precau- 
tions may have been taken, the sources of impurity are so 
numerous in large towns that it may fairly admit of question 
whether, as a matter affecting public health, it can ever be ad- 
visable to resort to shallow wells as a source of supply for 
domestic purposes in such positions. Of course this remark 
does not apply to the open country; but even there, the 
precautions above enumerated with respect to the construction 
and position of the wells must be observed. 
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Tue description of the following Example is considered well 
worthy of remark, as it tends to show the great advantage 
arising from a plentiful supply -of water, together with the 
ease with which it is often obtained in districts apparently 
wanting in that necessary article. 

At Bulphan Fen, within a few miles of Aveley, Essex, is a 
large tract of grass-land, situated at a low level, and liable to be 
much flooded in the winter season. Its value was formerly little, 
as in the summer time it was destitute of good water, being 
wholly dependent upon the pools and ditches which retained 
the remains of the winter’s rain and floods. This rendered it 
unfit for stock, as, in addition to the small quantity of water 
remaining, even that was rendered bad by the heat of the 
weather. The landowners in the neighbourhood were in- 
duced to bore, and, being successful in finding springs, the 
water from which overflowed the surface of the ground, their 
example was followed by the proprietor of the Artesian well 
under consideration, whe, together with his father, suffered 
much inconvenience from the scarcity of water upon 300 
acres of low grass-land at Aveley. A spot was fixed upon at 
the edge of the uplands, and about the level of high-water 
mark of the Thames: during the month of August, 1835, 
the work was commenced. The bore of the auger was 3 
inches. The first 5 or 6 feet were an alluvial soil, mixed with 
many small stones, the whole of a gravelly nature; suc&eding - 
this was a very soft, boggy ground, which ran in as fast as 
bored out ; into it were inserted wrought-iron pipes of the usual 
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construction: the thickness of this bog was about 2 feet. 
The next substance was light brown sand, very close, firm, 
sharp, and fine ; it became darker as the work proceeded, till, 
at 65 feet from the surface, it was almost black. Separating 
this sand and the chalk, was a small portion of light, grass- 
green, flaky rock. In the chalk were layers of flints; and 
the boring was carried on in this formation about 35 feet, 
when the auger and rods suddenly dropped seven fect into 
a cavity of very soft, almost liquid chalk, from which the 
water rose to within one foot of the surface of the marsh: 
water had been met with previously, but not in such large 
quantities as this spring furnished ; and, no doubt, the water 
from this would have risen bigher but for its connection with 
other and weaker springs, which reduced its standing level 
by abstracting a portion of the water instead of adding 
thereto, notwithstanding the greater hydrostatic pressure exer- 
cised upon the lower and stronger spring: it must, therefore, 
always be borne in mind, that where a great rise of water ic 
wished for from a deep strong spring, all others should be very 
carefully blocked out ; when quantity, and not standing level, » 
is the question, the conditions of the case are altered. To 
return from this digression: the water in this well, which, as 
before remarked, rose almost to the surface, was conducted 
by a 2-inch pipe, inserted 3 inches under the water-level, into 
ditches traversing the land; the water ran white for some 
days, but ultimately perfectly clear, and continues to run night 
and day. The temperature is 51° Fahr. winter and summer, 
and the quantity delivered in 24 hours about 30,000 gallons ; 
it supplies 2 miles of ditches 10 feet wide, from which it runs 
into the sea. 

In the neighbourhood of the above Artesian bore are 
situated some wells of the ordinary kind; the spring or 
springs to which they are sunk are strong, the water rising to 
the same level as in the Artesian one; they receive their 
supply from the saturated sand spoken of above, and which is 
situated upon the top of the chalk. The identity of level between 
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the wells is, no doubt, owing to their communication, which 
is established by the water from the chalk rising outside the 
pipe which lines the bore, the water naturally preferring such 
an exit to rising higher inside the pipe itself. Even with the 
most carefully executed work, it is difficult to prevent water 
rising outside the boring-pipes where they pass through sand ; 
therefore, in ordinary cases, such an effect may be expected to 
take place, unless the lower springs are separated from the 
upper by an impermeable collar of clay or other matter 
through which the pipe passes. 


Artesian Well at the New Model Prison. 


The annexed description of the well at the New Model 
Prison is taken from an excellent notice published in the 
work entitled ‘ Papers of the Royal Engineers,’ vol. vi., by 
Lieutenant-Colonel Jebb, under whose direction the work was 
executed. The following specification was submitted for com- 
petition to several well-sinkers, their estimate and tenders being 
founded on it: 


Specification for sinking an Artesian Well at the Model Prison, 
Caledonian Road. 


To sink a well, so as to be 6 fect diameter in the clear 
within the brickwork, to the depth of 150 feet. The price 
for each succeeding 30 feet complete to be stated. To be 
steined with 9-inch brickwork, with malm paviours, the back 
stemming to have three courses in cement at every 5 feet, and 
the double, or inner steining, to have four courses in cement at 
every 10 feet. 

The brickwork to be completed in successive portions of 
5 feet, or less, if found necessary. The bricks to be of the 
best quality ; the Roman cement to be mixed with one equal 
proportion of clean, sharp river-sand. Should it be, found 
necessary to sink to a greater depth (not exceeding 30 feet), 
the contractor will state in his tender at what price per foot 
he will execute the same, in every respect as above specified. 

E3 
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To fix 9 feet of 12-inch cast-iron pipe at the bottom of the 
shaft, and to bore with a 10}-inch auger, and continue with 
the same down to the chalk, inserting in the bore cast-iron 
pipes 8 inches diameter, and not less than §ths of an inch 
thick on the sides, fitted together with turned joints and 
wrought-iron collars, and fitted with screws; the whole to be 
flush inside and outside. 

To continue boring in the chalk, with a 7}-inch auger, to 
such depth as will secure good water from the main spring, 
and in such quantity as may be considered necessary. 

The whole of the above works are to be done in a work- 
manlike manner, with materials of the best description of their 
respective kinds, and to the entire satisfaction of the super- 
intending officer. 

The contractor will state at what price per foot, or per 10 
feet, including the iron pipes, he will bore until he reaches 
the chalk; and at what price per foot, or per 10 feet, he will 
bore through the chalk until the necessary quantity of good 
water is obtained. Also at what price per foot he will pro- 
vide and fix perforated copper pipes, 63 inches diameter 
outside, weighing 6 ibs. per foot, in the chalk, as far as may 
be necessary. ‘The prices stated in the tender are to include 
every expense, the finding of all materials, scaffolding, tackle, 
cartage, &c., the stopping out the land-springs in an effectual 
manner, and every expense requisite for the entire completion 
of the work, excepting the removal of the earth excavated. 
If pumps are required during the execution of the work, they 
are to be supplied by the contractor, together with labour in 
pumping, and troughs for carrying off the water, without 
extra charge. Stone corbels, for supporting permanent 
framing, will be furnished to the contractor, to be inserted in 
the brickwork without extra charge. 


The tender of Mr. Thomas Clark, of Tottenham, was con- 
sidered as the most advantageous, and was, therefore, ac- 
cepted. The tender was as follows : 
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Tender for sinking an Artesian Well at the Model 
Prison. 
Tottenham. 

I hereby tender to sink a shaft so as to-be 6 feet diameter 
in the clear within the brickwork, to the depth of 150 feet, 
and to provide such materials as are required by the specifica- 
tion, and to perform the work in every way agreeably thereto ; 
and to fix a 12-inch cast-iron pipe, 9 feet long, at the bottom 
of the shaft, at the following prices: 


£. 8. d. 
Ist 30 feet, for the sum of . oe ‘ 67 10 0 
2nd _ do. do. ‘ ‘ : 37 0 «(0 
3rd_s do. do. . ° 58 10 0 
4th do. do. ‘ ‘ 60 0 0 
Sth do. do. ‘ ° 6110 0 


Also to sink as many feet further as the superintending officer 
may consider necessary, so as not to exceed 30 fect, for the 
sum of £€2. 5s. per foot; also to bore to the chalk with a 
103-inch auger, and fix pipes of the diameter required, and 
fitted together as specified, for the sum of £2. 2s, per foot; 
also, to bore in the chalk with a 73-inch auger to such depth 
as may be considered necessary by the superintending officer, 
for the sum of €1. 7s. per foot ; and if it should be determined 
to insert perforated copper pipes im the boring in the chalk, 
I hereby tender to supply the same, to weigh not less than 
6 Ibs. to the foot, and to fix the same in the bore for the 
further sum of 10s. 2d. per foot ; and in every other respect 
to conform to the specification, and to complete the whole of 
the work in a propet and workmanlike manner, and to the 
satisfaction of the superintending officer. 
(Signed) THos. Cxuark. 
To Capt. Jens, Royal Engineers. 


In commencing the work five men were employed, who 
madé an excavation 9’ 6” diameter, which was to allow space 
for the finished shaft to be 6’ 0” in the clear, with the 9-inch 


104 APPENDIX. 


steining, and 12 inches of puddle at the back, for more 
effectually excluding the land-springs. This excavation was 
carried down to the depth of 10 feet. The 9-inch steining in 
cement and the puddle were then commenced, and completed 
to the surface. The stratum of clay at this depth was so 
solid, that it was considered that the puddle might be dis- 
pensed with; an excavation only 7 feet 6 inches in diameter, 
and 5 feet deep, was therefore made, and the back steining 
only, of half a brick in thickness, completed in cement. 
Similar excavations of five feet in depth were made in suc- 
cession, the back steining alone in each case being completed, 
until the solid mass of London blue clay was found, at the 
depth of 30 feet from the surface. The inner steining was 
then brought up in cement, so as to underpin the first portion 
which had been completed. The land-springs were found to 
be effectually excluded, and the work then proceeded in all 
respects according to the spccification. Two additional hands 
were employed when the well was about 30 feet deep, and no 
difficulty was experienced until the mass of London clay 
was cut through, and the upper beds of the plastic clay 
formation, which were found at the depth of 150 feet, were 
perforated. Mere a stratum of dark sand was found, con- 
taining a little water. This sand was so loose that it did not 
afford sufficient foundation for the brickwork; and there was 
this further difficulty, that had the water been pumped out, 
the sand would have been set in motion, or, to use a tech- 
nical expression, would have blown up in the well. Under 
these circumstances, it was determined to substitute cast-iron 
cylinders, five feet diameter and one inch thick, for the brick 
stelning. . 

The specification and tender for supplying the cylinders, and 
executing the work with them, was as follows : 


Terler for supplying cast-iron cylinders to be used in 


lieu of steining. 
Tottenham. 


I hereby engage to secure the present brickwork in its 
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place by strong elm ribs, suspended by iron rods up the shaft, 
and to provide and fix cast-iron cylinders of five feet diameter 
and one inch thick, in five-feet lengths, with internal flanges, 
properly packed and bolted -together, and to caulk the same 
with iron cement, and to carry them down through the upper 
sand, and drive the lower end firmly into the clay; and to 
concrete behind the upper cylinder with gravel and cement, to 
form a footing for the lower steining, and for stopping out 
water, providing every material required for the work, at 
£7. 28. per foot lineal. 
(Signed) Tuos. Ciark. 


Before proceeding to lower the well or fix the cylinders, 
it was necessary to secure or tie up the brickwork which had 
been already executed. For this purpose a strong elm frame 
was inserted under it, and the frame being connected by 
14-inch rods, with two strong beams fixed over the top of 
the well, effectually secured the steining in its place. In 
order to steady the cylinders, and keep them in a right line 
as the work proceeded, four battens, 20 feet long, 7 inches 
wide, and 2} inches thick, were fixed to the lower part of the 
brickwork, forming a kind of frame through which the cylin- 
ders would slide; this being arranged, the first cylinder, five 
feet in length, was lowered to the bottom, and, after being 
properly adjusted by means of wedges, another was added on 
the top, and the joint of the flanges made good; four others 
were added in succession, making a length of 30 feet of 
cylinders fixed, before the excavation was proceeded with. 
The object of this was twofold; first, that the outer surface 
of the cylinders being confined within the wooden frame 
already described, the true direction would be maintained ; 
and, secondly, that the weight of the mass would aid in its 
descending into its place as the boring or excavation was pro- 
ceeded with: by these means, had the stratum proved to 
be a quicksand, the difficulty would have been overcome: a 
stage was then placed on the upper part of the cylinders, and 
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an auger, 4’ 10” in diameter, was introduced within them. 
Each time that this auger was drawn out, the cylinders 
settled on an average about two inches, and no difficulty was 
experienced. The stratum of sand, which was about 20 feet 
in depth, was cut through, and a hard mottled clav was found 
under it: it was essential that the cylinders should be firmly 
fixed in the clay, in order to prevent the water contained in 
the sand from forcing its way under them, and rising into the 
well. The boring was therefore continued for a few feet, 
and the cylinders were at last driven into the clay with a 
heavy dolly, made of the rough trunk of a tree. The water, 
which had hitherto stood above the level of the top of the 
sand in the cylinders, was now pumped out, and the well 
remaining perfectly dry, afforded evidence that the water con- 
tained in the sand had been effectually stopped out. The 
12-inch pipe mentioned in the original specification was dis- 
pensed with, and the boring was continued with a 104-inch 
auger down to the chalk; 8-inch pipes were then introduced, 
which were firmly fixed several feet into the chalk, and were 
left standing six feet above the bottom of the cylinders. The 
object of this latter arrangement was, that any sediment 
contained in the water might settle at the bottom of the 
well. 

The following is a section of this well, together with the 
distance from the .surface of the ground to various points in 
the well itself: 


Yellow clay and grave) - +» «. «© - Jo 0 
Blue clay . ; : : 3 ; ; - 100 0 
Mottled clay . : : : - (19 6 , 
Dark loamy sand, and little = . 18 0 
Hard mottled clay and sand, without See | 17 0 
Dark sand, with little water .  . - « 84 0 
Hard flint < we ce el. we 1 0 
Chalk i © @ & & ww «© 1512 


Total depth e 6 e e 870 6 
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Distance of bottom of brick shaft to surface . 153 
‘ from top of iron cylinders to do. . 139 
5 from bottom of iron cylinders to do. . 170 
from bottom of iron piping to do. . 230 
" from top of copper piping to do. . 220 
” from bottom of copper piping to do. . 259 


cocoosco oF 


On the completion of this well, it was considered desirable 
to test the strength of the spring by pumping, which operation 
had also the effect of freeing the sides of the bore, thereby 
allowing the water to percolate more quickly, as the action of 
the tools necessarily had a tendency to harden the chalk. The 
pump was kept at work night and day; a relieving gang of 
men coming on every four hours. After working in this 
manner for 48 hours, the level of the water in the cylinders 
was marked, and it was also ascertained that in one hour 
rather more than 900 gallons were removed from the well. 
The water-level was lowered by the pumping one foot; and as 
a hole five feet in diamcter and one foot deep contains 122 
gallons (see page 55), that amount deducted from 900, gives 
as the water-supply nearly 800 gallons per hour. 


INDEX. 


Absorbing weils, 6. 
removal of .upure, from wells, 


Artesian well at Bulphan Fen do 
scribed, 99. 

Artesian well near Calais, 87. 

Artesian well at Camden Station, 70; 
at Grenelle, described, 4,'25, 82; 
at Hampstead, 77; at Hanwell 
Asylum, 73; at Kilburn, described, 
76; at the Model Prison, 101; at 
Northam, 90; at Southampton, 88. 

Artesian wells near Tours, 86. 

Artesian wells described, 7; law 
regulating the height to which 
water will rise in, 30. 


Page boring apparatus described, 

9. 

Pe spring at Broseley described, 
1. 


Bolder Horn, an account of, 21. 

Bore, tools for enlarging a, 50. 

Boring for water, antiquity of, 1. 

Boring, application of, to pea nes 
5; Beart’s apparatus, JQ. 

Boring in China, 2; Chinese system, 


Boring described, 38. 

Boring, economy of, 5. 

Boring in Egypt, 1. 

say first use of, in England, 3; 

ide trunks, 41; permanent pipes, 

rh ; permanent perforated pipes, 
41; plug for lowering the pipes, 
42; preparations for, 42; purposes 
to which boring may be applied, 5. 

Boring described, 43; method 
of communicating the different 
motions to the, 44 ; mee of, 
explained, 46 ; tubular, 46 ' weight 
of, 45; wooden, 45, ; 


Boring, Scotch, described, 50, 

Boring stage, position of, 41, 

Boring tools, described, 47; for en- 
larging bores, 50; for withdrawing 
broken rods, 50. 

Boring, usual plan, 39. 

Boring, value of a journal of opera- 
tions, 8. 

rie tk Shropshire, boiling spring 
at, 21. 

Bucket, windlass and, described, 52. 

Bulphan Fen, artesian well at, de- 
scribed, 99, 


Calais, artesian well near, described, 
87; strata passed through, 87. 

Camden Station, artesian well at, 
described, 70; depth, 70; section, 
70; pumps, 71; engines, 72; ana- 
lysis of water, 73. 

Carbonate of lime, its presence in 
water, 96; test for, 96. 

Carbonic acid, its presence in water, 
95; test for, 96; removal of, from 
wells, 36, 

Cassini on boring for water, 3. 

Cement, method of using, 76 n. 

Chalk, its presence in water, 96; test 
for, 96. 

Chalk springs, 27; water-level in, 28. 

eat heel water, composition of, 96. 

Chichester, well at, 87 ; strata passed 
through, 87. 

China, boring in, 2. 

ar oes system of boring explained, 


Chloride of sodium (common salt), 
a presence in water, 96; test for, 


Clutterbuck on the inclination of the 
water-line in the Hampshire and 
London Basins, 29, 


INDEX, 


Common wells described, 7. 

Cornish engine, action of, 60. 

vols pumping engines, action of, 
explained 


Dalton’s calculation on the district 
drained by the Thames, 11. 

Deep-seated springs described, 13. 

Descent, increase of temperature 


with, 27. 

Digging wells described, 30; exca- 
vating, aa implements for exca- 
By otic Steining described, 

rieks for, 32; cement for, 
35; excavating from one ring to 
another, 34; execution of 9-inch 
work, 36; iron, 37; methods of, 
31; method of la ing the bricks, 
35; old method of, 33; old use of, 
in sandy soils, 35 ; passing through 
land-springs, 32; present method, 
33; thickness of, 3; use of iron 
cy linders for, 32 ; use of iron tic 
rods, 85; use of puddle, 31. 

Divining rod, 22. 


Economy of boring, 5. 

Egypt, boring in, 1. 

Engine, ae of a pumping, do- 
scribed, 6 

England, anal rainfall of, 11. 


First notice of boring in England, 3. 

Forcing-pumps, construction of, 54. 

Fort "a, down , Jersey, well at, 79; cost 
of, 82; dopth, 80; progress, 81; 
pum for, 82; Pe pea of various 
articles used 

Fountain of Nimes, 20. 

Fountain of Vaucluse, 20. 

Fountains in Trafalgar Square, wells 
of, described, 67; strata passed 
throngh i in sinking, 68; pumping- 
engines for, 68. 

Fresh-water spring in the Gulf of 
Spezzia, 20. 


Gauging oom for wells de- 
scribed 

Great Geyser described, 19. 

Grenelle, artesian well “at, 4, 25, 82; 
cost, 853 eda 83; difficulties of 
boring ‘the, 84; ‘strata ale 
through, 83: au Lat abso 

Gulf of Spezia, -water spring 
in the, 20, 
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| Hampshire Basin, inclination of. 
water-line in the, 29. 

Hampstead, artesian well at, de-- 
scribed, 77; steining, 77; section, 
77; engine “of, 77; pumps, 77. 

Hanwell Asylum, well at, described, 
73; section of, 73; depth, 74; 
analysis of water, 74, 

Hot springs of Iceland, 19. 


Iceland, hot springs of, 19. 

Indications o springs, "92. 

Infiltration of sea-water, 16. 

ask rraey a pone phenomena of, 
exp 

aly, meee of finding springs in, 


Journal, value of a, of boring opera- 
tions, "de. . 8; example of, 9. 


Kilburn, well at Messrs. Verey’s, at, 
74; cost, 76; dimensions, 74; 
steining, 7 5; pumps for, 76. 


Land-springs described, 13. 

Laws of subterranean waters, 23. 

Lead, action of a on, 97. 

Lillers, well at, 3 

Loiret, fountain of, described, 20. 

London, fall of the water-line i in, 29. 

London Basin, inclination of the 
water-line in the, 29; observations 
on sinking wells in the, 78; sec- 
tion of basin explained, 16. 


Model Prison, artesian well at, 101; 
boring, 106; fixing the cylinders, 
105 ; section of the well, 106; spe 
cification for sinking, 101; supply 
from, 107; progress of the work, 
103; tender for cylinders, 104; 
tender of Mr. Clark, 103. 

Motive power for working pumps, 59. 


Nimes, fountain of, 20. 
Norland House, boring at, 5. 
Northam, artesian well at, 90. 


Paderborn, spring at, 21. 
gi ae application of boring 
to, 


Plunger pump, 55. 
Power of a pump, | calculatfn of the, 
oT. 


Power required to work 3 pump, 58, 
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Pamping engines of the fountains in Springs, land, described, 13; mothod 
Trafalgar Scuare described, 68. of finding, in Italy, 22; pheno- 


Pumps, action of. explained, 53; ar- 
rangement of, when more than one 
was used, 55; forcing, construction 
of, 54; limit of, 53; materials for, 
56; motive power fer, 59; neces- 
sity of periodical examinations of, 
62; plunger, 55; power required 
to work a, 58; principle of the, 
52; remarks on pumping-engines, 
61; rods of, 56. 

Pamps, working of, 60; application 
of steam power to, 60; wind as a 
motive power for, 59. 

Pure water, composition of, 95. 


Rainfall, annual, of England and 
Wales, 11. 

Rain-water, 95. 

Raising water, methods of, 51. 

Rods, boring, described, 43; method 
of communicating motion to, 44; 
slide joint for, 46; tools for with- 
drawing broken, 50; tubular, 46 ; 
weight, 45; wooden, 45. 

Rods, pump, 56. 


Saline water, constituents of, 96. 

Scotch described. 50. 

Sea, infiltration from the, 16. 

Seine, quantity of water discharged 
by the, 12. 

Snow-water, 95. 

Sorgue, supply of the river, described, 


Southam ton, artesian well at, de- 
scribed, 25, 88; strata passed 
cee 89; analysis of the water, 


Specifications for well-sinking, 63; for 
vee and boring, 64, 101. 
Spezzia, fresh-water spring in the 

Gulf of, 20. 
Spring at Broseley, Shropshire, de- 
scribed, 21; at Paderborn, 21. 
Spring, fresh-water, in the Gulf of 
ea 20; in the Bay of Xagna, 


Spring-water, 95; substances usually 
fond in, 95. 

Spring, tests for, 96. 

Springs, chalk, 27. 

Spri seated, 13; controversy 
on the supply of, 10. 


Springs, hot, of Iceland, 19. 


mena of intermittent, explained, 
30: phenomena of, in the strata 
of England and Wales, 93; rules 
for finding, 22; supply of, 10; 
theory of, explained, 40. 

a as a motive power for pumps, 


Steining described, 81; bricks for, 
32; cement for, 35; excavating 
from one ring to another, 34; 
execution of 9-inch work, 36; iron, 
37: methods of, 31; method of 
laying tho bricks. 35; old method 
of, 33 ; old ase of, in sandy soils, 35, 
passing through land-springs, 32 ; 
present method, 33; thickness of, 
33; use of iron cylinders for, 32; 
use of iron tie-rods, 35; use of 
puddle, 31. 

Strata of England and Wales de- 
scribed, 90. 

Strata described with reference to 
their water-Dearing character, 93. 

Strata, order of superposition, 91. 

Strata passed through in sinking the 
wells for the fountains in Trafalgar 
Square, 68. 

Sulphuretted hydrogen, its presence 

in water, 96; test for, 96. 


Table showing the contents of wells 
of differen. diameters for every 
foot of depth. 53. 

Temperature, increase of, with de- 
scent, 27, 

Temperature, Walferdin’s~ experi- 
ments on the increase of, with de- 
scent, 83. 

Thames, area drained by the, 11; 
quantity of water annually dis- 
charged into the sea by the, 11. 

Theory of springs explained, 10. 

Tools, boring, described, 47. 

Tools for enlarging a bore, 50. 

Tools used for boring the artesian 
well at Grenelle, 84. 

Tours, wells near, in the valley of the 
Loire, 86; cost, 86 ; supply from, 86, 


valleys general situation of springs 
in e 

Vaucluse, fountain of, described, 20. 
Walferdin’s experiments on the in 
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crease of temperature with descent,  Well-digging described, 30; exca 
83 vating, 81; steining described, 


Water, action. of, on lead, 97; chaly- 
beate, 96; composition of pure, 95: 
hard, 97; height to which it will 
rise ir an artesian well, 30; level 
in chalk, 28. 

Water-line, fall of the, in the London 
Basin, 29; inclination of, in the 
Hampshire Basir, 29; inclination 
of the, in the London Basin, 29. 

Water, methods of raising, 51. 
Pumps, 52; forcing pumps, 54; 
plunger pumps, 55. Winalass and 

ucket, 52. 

Water, properties of, 95; purity of, 
from wes, 98; quantity annually 
discharged into the sea by the 
Thames, 11; quantity thrown by 
& pump, 57; rain aud snow, 95; 
saline, 96; soft, 97; spring, 95; 
substances usually found in spring, 
95; tests for ditlu, 96; table show- 
ing the number of gallons for 
every foot, in wells of different 
diamerers, 55; weigh: of, 57. 

Wators, Jaws of subterranean, 23. 

Well at Bulphan Fen described, 99. 

Well, artesian, at Camden Station, 
70; observations on ditto, 78; near 
Calais, 87; at Chichester, 87; at 
Fort Regent. ia ke 77; at Gre- 
nelle, described, 4, 25, 82; at 
Hampstead, account of, 77; at 
Hanwell Asylum, 73; at Kilburn, 
76; at Lillers, 3; at the Model 
Prison, 101; at Northam, 90; at 
Southampton, 88, 


81. 

Well-sinking, modification of the an- 
cient method now practised, 7; at 
a) 25; specification for, 


Well-sinking, and boring, specifica- 
tions for, 64, 101; value of keep- 
ing a cas of operations, 8. 

Wells, adsorbing, 6. 

Wells, antiquity of, 1. 

Wells, artesian, described, 7 ; height 
to which water will rise in, 30; 
near Tours, described, 86. 

Wells, caution necessary in the sub- 
stances used for lining, 98; com- 
mon, 7; for supplying the fountaing 
in Trafalgar Square, described, 67 ; 
gauging apparatus for, 62; in the 

ondon Basin, observations on 
sinking, 78; periodical examina- 
tions of, 62; plan for keeping the 
air pure at the bottom of, 36; 
puyity of water from, 98; table 
showing the contents of, of different 
apnea for every foot of depth, 


Wells, two classes of, 7. 

Wheel-work, arrangement of, for 
working pumps, 59. 

Windlass for raising water described, 
52 


Wooden pumps, 56. 
Wren’s (Sir C.) use of boring, 3. 


Xagna, fresh-water spring in the 
Bay of, 20. 
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Sign-Writing, the Principles of Decorative Art, a Course of Elementary 
Drawing for ‘House-Painters, Writers, &c., &c. With 9 Coloured Plates of 
‘Woods and Marbles, and nearly 150 Wood gr aoe By Exus A. 
Davipson. Second Edition, carefully revised. 5s. cloth limp; 6s. cloth 


boards. 

189. THE RUDIMENTS OF PRACTICAL BRICKLAVING. 
In Six Sections: General Principles; Arch Drawing, Cutting, and Setting; 
Pointing; Paving, Tiling, Materials; Slating an fesrbearble dy Practical 
Geometry, Mensuration, &c. By Apam Hammonp. [llustrated. 1s. 6d. 

191. PLUMBING. A Text-Book to the Practice of the Art or Craft of 
the Plumber. With Chapters upon House Drainage, embodying’ the latest 
Improvements. Second edition, enlarged. Containing 300 Illustrations. 
By W. P. Bucuan, Sanitary Engineer. 38. 6d.% 1Sust published, 


The ¢ tndicates that these vols. may be had strongly bound at 6d. extra. 
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4 WEALE’S RUDIMENTARY SERIES, 


Architecture, Building, etc., continued. 


192. ZHE TIMBER IMPORTER'S, TIMBER MERCHANT'S, 
and BUILDER’S STANDARD GUIDE; comprising copious and valu- 
able Memoranda for the Retailer and Builder. By RIcHARD E. GRANDY. 
Second Edition, Revised. 38.+¢ 

205. THE ART OF LETTER PAINTING MADE EASY. By 
J. G. Bapgenocn. Illustrated with 12 tull-page Engravings of Examples. 1s. 

. (Fust published, 

206. 4 BOOK ON BUILDING, Civil and Ecclesiastical, including 
Cxurcu RxesTorRAlion. With the Theory of Domes and the Great Pyramid, 
and Dimensions of many Churches and other Great Buildings. By Sir 
;Epmunp HxrcketTt, Bart. .D., Q.C., F.R.A.S., Chancellor and Vicar- 
General of York. Second Edition, enlarged, 4s. 6d.¢ [Fsest published. 


CIVIL ENGINEERING, ETC, 

13. CIVIL ENGINEERING, the Rudiments of. By HENRY 
Law, C.E., and Grorce R. Burnexrt, C.E. New Edition, much enlarged 
and thoroughly revised by D. Kinnear Crark, C.E, ‘ (Nesrly*veady. 

29. THE DRAINAGE OF DISTRICTS AND LANDS. ‘ 
Dryspaz Dempsry, C.E. [New Edition in preparation. 

30. THE DRAINAGE OF TOWNS AND BUILDINGS. By 

G. Dryspate Dempsey, C.E. New Edition. Illustrated. 2s. 6d. 

31. WELL-DIGGING, BORING, AND PUMP-WORK. =i JOHN 
Gerorcs SwinvkL, A.R.I.B.A. New Edition, by G.R. Burnett, C.E. 18. 6d. 

35. THE BLASTING AND QUARRYING OF STONE, for 
Building and other Purposes. With Remarks on the Blowing up of Bridges. 
By Gen. Sir JoHn BurGoyne, Bart., K.C.B. Illustrated. 1s. 6d. 

62. RAILWAY CONSTRUCTION, Elementary and Practical In- 
structions on the Science of. By Sir M. StePpHenson, C.E. New Edition 
ahaa Nucent, C.E. With Statistics of the Capital, Dividends, and 

orking of Railways in the United Kingdom. By E. D. CHaTraway. 48. 

80%, EMBANKING LANDS FROM THE SEA, the Practice of. 

Treated as a Means of Profitable Employment for Capital. With Examples 
and Particulars of actual Embankments, and also Practical Remarks on the 
Repair of old Sea Walls. By Joun Wiaerns, F.G.S. ,New Edition. 2s. 

81. WA TER WORKS, for the Supply of Cities and Towns. With 
a Description of the Principal Geological Formations of England as in- 
fluencing Supplies of Water; and Details of Engines and Pumping Machinery 
for raisin Water. By Samvue. Hucues, FG. C.E, New Edition. 43.5 

117. SUBTERRANEOUS SURVEYING, an Elementary and Prac- 

tical Treatise on. By THomAs Fenwick. Also the Method of Conducting 
Subterraneous Surveys without the Use of the Magnetic Needle, and other 
Modern Improvements. By THomas Baker, C.E. Illustrated. 2s. 6d.t 

118. CIVJZ ENGINEERING IN NORTH AMERICA, a Sketch 

of. By Davin Stevenson, F.R.S.E., &c. Plates and Diagrams. 3s. 

197. ROADS AND STREETS (THE CONSTRUCTION OF), 

in two Parts: I. Tuz Art or ConstRucTING Common Roaps, by Henry 
Law, C.E., revised and condensed by D. Kinngzar Ciark, C.E.; II. Recent 
PRACTICE, including pavements of Stone, Wood, and Asphalte, by D. K. 


Crark, M.I.C.E. 4s. 6d.¢ 
203. SANITARY WORK IN THE SMALLER TOWNS AND IN 
VILLAGES. Comprising :—1. Some of the more Common Forms of 
Nuisance and their Remedies; 2, Drainage; 3. Water Supply: A useful 
book for Members of Local Boards and Rural 8 nitary Authorities, Health 
Officers, Engineers, Surveyors, &c. By CHArves Siacc, A-I.C.E. es, 6d. 
212, THE CONSTRUCTION OF GAS-WORKS, and the Manu- 
facture and_ Distribution of Coal Gas. Originally written by Samurr 
Hueues, C.E, Sixth Edition, re-written and much Enlarged by WILL1AM 
Ricuarps, C.E. With 72 Illustrations. 4s. 6d. (Fust published. 
‘213. RIONEER ENGINEERING. A Treatise on the Engineering 
“Operations connected with the Settlement of Waste Lands in New Coun- 
tries. By Epwarp Dosson, Assoc. Inst. C.E., Author of ‘The Art of 
Building,” &c. 4s. 6d.% [Fust published. 


GO” Zhe t indicates that these vols. may be had strongly bound at 64. extra, 
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190. 


200. 


202. 
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MECHANICAL ENGINEERING, ETC. 

CRANES, the Construction of, and other Machinery for Raising 
Heavy Bodies for the Erection of Buildings, and for Hoisting Goods. By 

O8EPH GLYNN, F.R.S., &c. Illustrated. 1s. 6d. 
HE STEAM ENGINE, a Rudimentary Treatise on. By Dr. 
LARDNER. Illustrated. 1s. 6d. : 

STEAM BOILERS: their Construction and Management. By 
R. ArmstronG, C.E. Illustrated. xs. 6d. 

CLOCKS, WATCHES, AND BELLS, a Rudimentary Treatise 
on. By Sir Epmunp Bucxetr Da EpMunND Brcxstr Denison), LL.D., Q.C. 
A New, Revised, and considerably Enlarged Edition (the 6th), with very 
numerous I}lustrations. 48. 6d. cloth limp; 5s. 6d. cloth boards, gilt. 

THE POWER OF WATER, as applied to drive Flour Mills, 
and to give motion to Turbines and other Hydrostatic Engines. By Jossru 
Guynn, F.R.S., &c. New Edition, Illustrated. 2s.+ 

PRACTICAL ECHANISM, the Elements of; and Machine 
Tools. By T. Baker, C.E. With Remarks on Tools and Machinery, by 
J. Nasmytu, C.E, Plates. 2s.6d.¢ — : 

MACHINER Y, Elementary Principles of, in its Construction and 
Working. Illustrated by numerous Examples of Modern Machinery for 
different Branches of Manufacture. By C.D. Apert, C.E. 1s. 6d. 

THE STEAM ENGINE, a Treatise on the Mathematical Theory 
of, with Rules at length, and Examples for the Use of Practical Men. By 
T. Baxgr, C.E. Illustrated. 15. 64. : 

THE BRASS FOUNDER’S MANUAL ; Instructions for 
Modelling, Pattern-Making, Moulding, Sarning Filing, Burnishing, 
Bronzing, &c. With copious Receipts, numerous Ta les, and Notes on Prime 
Costs and Estimates, By Wattsr GrAnaM. Illustrated. 2s.t ; 

MODERN WORKSHOP PRACTICE, as apENES to Marine, 
Land, and Locomotive Engines, Floating Docks, Dredging Machines, 
Bridges, Cranes, Ship-building, &c., &c. By J. G. Winton. Illustrated. 3s.% 

IRON AND HEAT, exhibiting the Principles concerned in the 
Construction of Iron Beams, Pillars, and Bridge Girders, and the Action of 
Heat in the Smelting Furnace. By J. ARmMour, C.E. 2s. 6d ¢ : 

POWER IN MOTION: Horse-Power, Toothed-Wheel Gearing, 
Long and Short Driving Bands, and Angular Forces. By James ARMOUR, 
C.E. With 73 Diagrams. 2s. 6d. 

LHE APPLICATION OF IRON TO THE CONSTRUCTION 
OF BRIDGES, GIRDERS, ROOFS, AND OTHER WORKS. By 
Francis Campin, C.E. Second Edition, revised and corrected. 2s. 6d.¢ 

THE WORKMAN'S MANUAL OF ENGINEERING 
DRAWING. By Joun Maxton, Engineer, Instructor in Engineerin 
Drawing, Royal Naval College, Greenwich. Third Edition. Illustra 
with 7 Plates and nearly 350 Woodcuts. 3s. 6d.¢ ' 

STEAM AND THE STEAM ENGINE, Stationary and 
Portable. Being an extension of Mr. John Sewell’s “‘ Treatise on Steam.’’ 
By D. K. Crark, M.I.C.E. Second Edition, revised. 3s. 6d.t. 

FUEL, its Combustion and Economy; being an Abridgment of 
‘A Treatise on the Combustion of Coal and the Prevention of Smoke,’’ by 
C. W. Wirtiams, A.I.C.E. With extensive additions on Recent Practice in 
the Combustion and Economy of Fuel—Coal, Coke, Wood, Peat, Petroleum, 
&c.—by D. K. CLarK, M.I.C.E. and Edition. 38.6d.t [Feest published. 

LOCOMOTIVE ENGINES, A Rudimentary Treatise on. 
Comprising an Historical Sketch and Description of the Locomotive Engine, 
by G. D. Dempsry, C.E.; with large additions treating of the Modern Locoe 
motive, by D. Kinngzar CrArk, M.I.C.E. HF : (ane published. 

THE BOILERMAKER'S ASSISTANT in Drawing, Tem- 

lating, and Calculating Boiler Work and Tank Work, with Rules for the 
Evapotated Power and the Horse Power of Steam Boilers, and the Propor- 
tions of Safety-Valves; and useful Tables of Rivet Joints,gof Circles, 
Weights of Metals, &c. By Joun Courtney, Practical Boller Maker. 
Edited by D. K. CLtark, C.E. 100 Illustrations. 28. [Fsst published. 


Bab” The t indicates that these vols. may be had strongly bound at 6d. extra. 
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6 WEALE’S RUDIMENTARY SERIES. 


SHIPBUILDING, NAVIGATION, MARINE 
ENGINEERING, ETC. 


51. NAVAL ARCHITECTURE, the Rudiments of; or an Exposi- 
tion of the Elementary Principles of the Science, and their Practical Appli- 
cation to Naval Construction. Compiled for the Use of Beginners. By 

AMES PEAKE, School of Naval Architecture, H.M. Dockyard, Portsmouth. 
ourth Edition, corrected, with Plates and Diagrams. 3s, 6d.¢ 
53%. SHIPS FOR OCEAN AND RI VER SER VICE, Elementary 
and Practical Principles of the Construction of. By Haxon A. Sommer- 
FELDT, Surveyor of the Royal Norwegian Navy. With an Appendix. 1s. 6d. 
53%*. AN ATLAS OF ENGRAVINGS to Illustrate the above. Iwelve 
large folding plates. Royal 4to, cloth. 7s. 6d. 

54. MASTING, MAST-MAKING, AND RIGGING OF SHIPS, 
Rudimentary Treatiso on. Also Tables of Spars, Rigging, Blocks; Chain, 
Wire, and Hemp Ropes, &c., relative to every class of vessels. With an 
Appendix of Dimensions of Masts and Yards of the Royal Navy. By Rosrrtr 
Kiprinc, N.A. Fourteenth Edition. Illustrated. 2s.¢ 

54*. JZRON SHIP-BUILDING. With Practical Examples and Details 
for the Use of Ship Owners and Ship Builders. By Joun GrantHAam, Con- 
sulting Engineer and Naval Architect. 5th Edition, with Additions. 4s. 

54**. AN ATLAS OF FORTY PLATES to Illustrate the above. 
Fifth Edition. Including the latest Examples, such as H.M. Steam Frigates 
** Warrior,”’ ‘‘ Hercules,’’ ‘“ Bellerophon ;” H.M. Troop Ship ‘“ Serapis,’’ 
Iron Floating Dock, &c., &c. gto, boards. 38s. _ 

55. 7HE SAILOR’S SEA BOOK: a Rudimentary Treatise on 
Navigation. Part I. Howto Keep the Log and Work it off. Part II. On 
Finding the Latitude and Longitude. By James Greenwoop, B.A. To 
which are added, the Deviation and Error of the Compass; Great Circle 
Sailing; the International (Commercial) Code of Signals; the Rule of the 
Road at Sea; Rocket and Mortar Apparatus for Saving Life ; the Law of 
Storms; and a Brief Dictionary of Sea Terms. With numerous Woodcuts 
and Coloured Plates of Flags. New, thoroughly revised and much enlarged 
edition. Hy W. H. Rosser. as. 6d. pe ee ° 

80. MARINE ENGINES, AND STEAM VESSELS, a Treatise 
on. Together with Practical Remarks on the Screw and Propelling Power, 
as used in the Royal and Merchant Navy. By Rozperr Murray, C.E. 
Engineer-Surveyor to the Board of Trade. With a Glossary of Technical 
Terms, and their Equivalents in French, German, and Spanish. Seventh 
Edition, revised and enlarged. Illustrated. 38.¢ : 

8352s. THE FORMS OF SHIPS AND BOATS: Hints, Experiment- 
ally Derived, on some of the Principles regulating Ship-building. By W, 
Branp. Seventh Edition, revised, with numerous Illustrations and Models.t1s.6d. 

99. NVA VIGATION AND NAUTICAL ASTRONOJZY, in Theory 
and Practice. With Attempts to facilitate the Finding of the Time and the 
Longitude at Sea. By J. R. Youna, formerly Professor of Mathematics in 
Belfast College. Illustrated. 2s. 6d. ‘ ; 

100%. TABLES intended to facilitate the Operations of Navigation and 
ace: sen Ony, as an Accompaniment to the above Book. By J. R. 
OUNG. 1s. 6d. 

106, SHIPS’ ANCHORS, aTreatise on. By G. COTSELL, N.A. 1s. 6d. 

149, SAILS AND SAIL-MAKING, an Elementary Treatise on. 
With Draughting, and the Centre of Effort of the Sails. Also, Weights 
and Sizes of Ropes: Masting, Rigging, and Sails of Steam Vessels, &c., &c. 
Eleventh Edition, enlarged, with an Appendix. By Rospert Kirrina, N.A,, 
Sailmaker, Quayside, Newcastle. Illustrated. 2s. 6d.¢ 

155; THE ENGINEER’S GUIDE TO THE ROYAL AND 
MERCANTILE NAVIES. By a PracticaL ENGINEER. Revised by D. 
F. M‘Cartny, late of the Ordnance Survey Office, Southampton. 3s. 

ss PRACTICAL NA VIGATION. Consisting of The Sailor’s 

S&-Book. By James Greenwoop and W. H. Rosser. Together with 
the requisite Mathematical and Nautical Tables for the Working of the 

_ 204. Problems. By Henry Law, C.E., an R. Youne, formerly Professor of 
Mathematics in Belfast College. Tlustrated with numerous Wood Engrav- 
ings and Coloured Plates. 7s. Strongly half-bound in leather. 


Gar" The t tudscates that these vols. may be had strongly bound at 6d. extra, 





WEALE’S RUDIMENTARY SERIES. 7 


PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETC. 


1. CHEMISTRY, for the Use of Beginners. By Professor GEORGE 
Fownes, F.R.S. With an Appendix on the Application of Chemistry to 


Agriculture. 1s. 

2, NATURAL PHILOSOPHY, Introduction to the Study of; for 
the Use of Beginners. By C. Tomuinson, Lecturer on Natural Science in 
King’s College School, London. Woodcuts. 1s. 6d. 

4. MINERALOGY, Rudiments of; a concise View of the Properties 
of Minerals. By A. Ramsay, Jun. Woodcuts and Steel Plates. 3s. 

6. ME CHANICS, Rudimentary Treatise on; being a concise Ex- 
position of the General Principles of Mechanical Science, and their Applica- 
tions. By CHARLES TOMLINSON. Illustrated. 1s. 6d. 

9: ELECTRICITY; showing the General Principles of Electrical 
Science, and the purposes to which it has been applied. By Sir W. Snow 
Harris, F.R.S., &c. With Additions by R. Saping, C.E., F.S.A. 15. 6d. 

7*. GALVANISM, Rudimentary Treatise on, and the General Prin- 
ciples of Animal and Voltaic Electricity. By Sir W. Snow Harris. New 
Edition, with considerable Additions by Rosrrt Saning, C.E., F.S A. 18. 6d, 

8. MAGNETISM ; being a concise Exposition of the General Prin- 
ciples of Magnetical Science, and the Purposes to which it has been applied. 
By Sir W. Sxow Harris. New Edition, revised and enlarged by H. M. 
Noav, Ph.D., Vice-President of the Chemical Society, Author of ‘A 
Manual of Electricity,’ &c., &c. With 165 Woodcuts. 3s. 6d.t¢ 

Ww. THE ELECTRIC TELEGRAPH; its History and Progress; 
with Descriptions of some of the Apparatus. By R. Saning, C.E., F.S.A. 3s. 
12, PNEUMATICS, for the Use of Beginners. By’ CHARLES 
Tomiinson. Illustrated. 1s. 6d. 
y2. MANUAL OF THE MOLLUSCA ; a Treatise on Recent and 
Fossil Shells. By Dr. S. P. Woopwarp, A.L.S. With Appendix by 
Ratreu Tare, A.L.S., F.G.S. With numerous Plates and 300 Woodcuts. 
6s. 6d. Cloth boards, 7s. 6d. ; Seg 
79**, PHOTOGRAPHY, Popular Treatise on; with a Description of 
the Stereoscope, &c. Translated from the French of D. VAN MoncKHOVEN, 
by W. H. Tuorntawairte, Ph.D. Woodcuts. 1s. 6d. 
96. ASTRONOMY. By the Rev. R. Marin, M.A., F.R.S., &c. 
New Edition, with an Appendix on ‘‘Spectrum Analysis.’? Woodcuts. 1s. 6d. 
97. STATICS AND DYNAAZICS, the Principles and Practice of; 
embracing also a clear development of Hydrostatics, Hydrodynamics, and 
Central Forces. By T. Baker, C.E. 1s. 6d. 
138. ZELEGRAPH, Handbook of the; a Manual of Telegraphy, 
Telegraph Clerks’ Remembrancer, and Guide to Candidates for Employ- 
ment in the Telegraph Service. By RK. Bonn, Fourth Edjtion, revise and 
enlarged: to which is appended, QUESTIONS on MAGNETISM, ELEC- 
TRICITY, and PRACTICAL TELEGRAPHY, for the Use of Students, 
by W. McGreocor, First Assistant Supnt., Indian Gov. Telegraphs. 3s. 
EXPERIMENTAL ESSAYS. By CHARLES TOMLINSON. 
I. On the Motions of Camphor on Water. II. On the Motion of Camphor 
towards theLight. III. History of the Modern Theory of Dew. Woodcuts. 1s. 
173. PHYSICAL GEOLOGY, partly based on Major-General PoRt- 
Lock’s ‘‘ Rudiments of Geology.”” By RALPH TATE, A.L.S., &c. Woodcuts. 2s. 
174, HISTORICAL GEOLOGY, partly based on Major-General 
Portiock’s “Rudiments.”? By Ratpu Tare, A.L.S., &c. Woodcuts. 2s. 6d. 
173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and 
& Historical. Partly based on Major-General Porttock’s “ Rudiments of 
174 Geology.” By Ratpx Tats, A.L.S., F.G.S., &c., &c. Numerous Illustra- 
* tions. In One Volume. 4s. 6d.4 
183. ANIMAL PHYSICS, Handbook of. By Dr. Larpner, D.C.L., 
&  . formerly Professor of Natural Philosophy and pares inp Dniversity 
184. College, Lond. With 520 Illustrations. In One Vol. 7s. 6d., cloth boards. 
*" Sold also tn Two Parts, as follou's :— 
183. AnimaAL Puysics. Ky Dr. Larpnrer. Part I., Chapters I—VII. ce 
x84. ANIMAL Puysics. By Dr. LARDNER. Part II., Chapters VIII—XVIII. 3s. 


se The t indicates that these vols. may be had strongly bound at 6d, extra. 
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8 WEALE’S RUDIMENTARY SERIES, 


MINING, METALLURGY, ETC. 

17. SUBTERRANEOUS SURVEYING, Element and Practical 
Treatise on, with and without the Magnetic Needle. By THOMAS FENWICK, 
Surveyor of Mines, and THomas Baker, C.E. Illustrated. 2s, 6d.% 

133. METALLURGY OF COPPER ; an Introduction to the Methods 
of Seeking, Mining, and Assaying Copper, and Manufacturing its Alloys. 
By Rosert H. Lamsorn, Ph.D. Woedcuts. 2s, 6d.t Ss 

134. ME TALLURGY OF SILVER AND LEAD. A Description 
of the Ores; their Assay and Treatment, and valuable Constituents. By Dr. 
R. H. Lamsporn. Woodcuts. as. 6d.t ? 

135. ELECTRO-METALLURGY; Practically Treated. By ALEX- 
ANDER Watt, F.R.S.S.A. Seventh Edition, revised, with important addi- 
tions. including the ,Electro-Deposition of Nickel, &c., &c. Woodcuts. 
38. {Past published, 

172. MINING TOOLS, Manual of. For the Use of Mine Managers, 
Agents, Students, &c. Comprising Observations on the Materials from, and 
Processes by, which they are manufactured ; their Special Uses, Applica- 
tions, tees and Efficiency. By W1LL1AM Moraans, Lecturer on Mining 
at the Bristol School of Mines. 2s. 6d. 

172%, MINING TOOLS, ATLAS of Engravings to Illustrate the above, 
containing 235 Illustrations of Mining Tools, drawn to Scale. 4to. 4s. 6d.; 
cloth boards, 6s. : 

176. METALLURGY OF JRON, a Treatise on the. Containing 
History of Iron Manufacture, Methods of Assay, and Analyses of Iron Ores, 
Processes of Manufacture of Iron and Steel, &c. By H. Baurrman, F.G.S. 
Fourth Edition, enlarged, with numerous Illustrations. 4s. 6d.t¢ 

180. COAL AND COAL MINING, A Rudiment Treatise on, 
By Warincton W. Smytu, M.A., F.R.S., &c., Chief Inspector of the 
Mines of the Crown and of the Duchy of Cornwall. Fifth Edition, revised 
and enlarged. With numerous Illustrations. 3s. 6d.t¢ PaoH ublished, 

195. ZHE MINERAL SURVEYOR AND VAL R’S COM- 
PLETE GUIDE, with new Traverse Tables, and Descriptions ot Improved 
Instruments; also the Correct Principles of Laying out and Valuing Mineral 
Properties. By WittiAm LinTERN, Mining and Civil Engineer. With 
four Plates of Diagrams, Plans, &c. 3s. 6d.t 

214.4 TREATISE N SLATE AND SLATE QUARRYING, 
Scientific, Practical, and Commercial. By D.C. Davis, F.G.S., Mining 
Engineer, kc. With numerous Illustrations and Folding Plates, 3s.t 

[Fust published. 
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FINE ARTS. 

20. PERSPECTIVE FOR BEGINNERS. Adapted to Young 
,Students and Amateurs in Architecture, Painting, &c. By Grorce Pynez, 
Artist. Woodcuts. 2s. nae 

40 GLASS STAINING ; or, The Art of Fentny on Glass. From 

& the German of Dr. GEessertT. With an Apnendix on THE ART OF ENAMEL~ 

4! LING, &c.; together with THE ART OF PAINTING ON GLASS. From the 

* German of EMANUEL Otro FROMBERG. In One Volume. as. 6d. 

69. MUSIC, A Rudimentary and Practical Treatise on. With 
numerous Examples. By CHARLES CHILD SPENCER. 28. 6d. 

71, PIANOFORTE, The Art of Playing the. With numerous Exer- 
cises and Lessons. Written and Selected from the Best Masters, by CHARLES 
CHILD SPRNCER. 3s. 6d. 

181. PAINTING POPULARLY EXPLAINED, including Fresco, 
Ol, Mosaic, Water Colour, Water-Glass, Tempera, Encaustic, Miniature 
Painting on Ivory, Vellum, Pottery, Enamel, Glass, &c. With Historical 
Sketches of the Progress of the Art by THOMAS Joun GULLICK, assisted by 
Jou. Timss, sear ourth Edition, revised and enlarged, with Frontispiece 
and Vignette. §s. 

186. 4 GRAMMAR OF COLOURING, applied to Decorative 
Je inting and the Arts. Ry Gsorce Figerp. New Edition, enlarged and 
adapted to the Use of the Ornamental Painter and Designer. By Exts A. 
Davipson, Author of ‘‘ Drawing for Carpenters,’’ &c. With two new 
Coloured Diagrams and numerous Engravings on Wood. 38. 
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AGRICULTURE, GARDENING, ETc. 
29. THE DRAINAGE OF DISTRICTS AND LANDS. By 


G. DryspALe Dempsey, C.E. (New Edition in preparation. 
66. CLAY LANDS AND LOAMY SOILS. By Professor 


DONALDSON. 15. 


131. MILLER’S, MERCHANT'S, AND FARMER'S READY 
RECKONER, for ascertaining at sight ghe value of any quantity of Corn, 
from One Bushel to One Hundred Quartérs, at any given price, from £1 to 
£5 Pix Qr. With approximate values of Millstones, Millwork, &c. 1s. 

SOILS, MANURES, AND CROPS. (Vol. 1. OUTLINES OF 
MODERN FARMING.) By R.Scotr Burn. Woodcuts. as. 

1441. FARMING AND FARMING ECONOMY, Notes, Historical 
and Practical, on. (Vol. 2, OUTLINES OF MODERN FARMING.) By R.Scort 
Burn. Woodcuts. 3s. 

142. STOCK ; CATTLE, SHEEP, AND HORSES. (Vol. 3. 
OuTLings oF MopERN Sey se By R. Scott Burn. Woodcuts. 2s. 6d. 

145. DAIRY, PIGS, AND POULTRY, Management of the. By 
R. Scott Burn. With Notes on the Diseases of Stock. (Vol. 4. OUTLINES 
oF Mopern Farminc.) Woodcuts. 2s. 

146. UTILIZATION OF SEWAGE, IRRIGATION, AND 
RECLAMATION OF WASTE LAND. (Vol. 53 OuTLinEs OF MODERN 
Farminc.) By R. Scott Burn. Woodcuts. as. 6d. 

#* Nos. 140-1-2-5-6, in One Vol., handsomely half-bound, entitled “ OuTLings OF 

MODERN FARMING.” By Rosert Scotr Burn, Price ras, 

177. FRUIT TREES, The Scientific and Profitable Culture of. From 
the French of Du Breuit. Revised by Gro. GLENNY. 187 Woodcuts. 3s. 6d. 

198. SHEEP; THE HISTORY, STRUCTURE, ECONOMY, AND 
DISEASES OF. By W. C. Spooner, M.R.V.C., &c. Fourth Edition, 
considerably enlarged; with numerous fine engravings, including some 
specimens of New and Improved Breeds. 366 pp. 3s. 6d.t¢ 

201. KITCHEN GARDENING MADE EASY. Showing how to 


pceare and lay out the ground, the best means of cultivating every known 
egetable and Herb, with cultural directions for the management of them 
all the year round. By Grorcs M. F. Guirnny, Editor of *‘ Glenny’s Illus- 
trated Garden Almanack,’’ and Author of “ Floriculture,”’ &c. 1s. 6d. 


207. OUTLINES OF FARM MANAGEMENT, and the Organi. 
zation of Farm Labour: Treating of the General Work of the Farm; Field 
and Live Stock; Deta:ls of Contract Work; Specialities of Labour; Econo- 
mical Management of the Farmhouse and Cottage, and their Domestic 
Animals. By Rosert Scott Burn. Numerous Illustrations. 2s. 6d. 

Fust published. 

208. OUTLINES OF LANDED ESTATES MANAGEMENT: 
Treating of the Varieties of Lands on the Estate; Peculiarities of its Farms ; 
Methods of Farming; the Setting-out of Farms and their Fields; the Con- 
struction ot Roads, Fences, Gates, and the various Farm Buildings ; the 
several Classes of Waste or Unproductive Lands; Irngation; Drainage, 
Plantation, &c. By R. Scoir Burn. With numerous Illustrations. 2s. 6d. 

[Faust published. 
© Nos. 207 & 208 2% One Vol., handsomely half-bound, entrtled ‘‘ QUTLINES OF 
LANDED EsTATES AND FARM MANAGEMENT.’ Bv R. Scotr Burn. Price 6s, 

209. JHE TREE PLANTER AND PLANT PROPAGATOR: 
Being a Practical Manual on the Propagation of Forest Trees, Fruit Trees, 
Flowering Shrubs, Flowering Plants, Dot. Elerbs, &c.; with numerous II]lus- 
trations of ersigg. 1 Layering, Budding, riage &c., Useful Implements, 
Houses, Pits, &c. By Samuzt Woon, Rethor of ‘‘ Good Gardening.’ 2s.¢ 

: . FA published. 

210. THH YREE PRUNER~ Being a Practical Manual on the 
Pruning of Fruit Trees, including also their Training anc Renovation, with 
the Best Method of bringing Old and Worn-out Trees into a State of 
Bearing ; also treating of the Pruning of Shrubs, Climbers and Flowerin 
Plants. With numerous Illustrations. By Samu. Woop, Athor of ‘'G 
Gardening,”’ &c. 2s.% (Fust published. 

®,* Nos. 209 & 210 12 One Vol., handsomely half-bound, entitled ‘‘Tus Trex 
PLANTER, PROPAGATOR AND PRuNER.”” By SAMUEL Woop. Price 5s. 


war 2 The t undicates that these vols. may be had strongly bound at 6d. extra. 
PI IN ACE SG ESL SI BE URSA SE AE OATES ROR i EAT RIERA ORG SOOT 
7, STATIONERS’ HALL COURT, LUDGATE HILL, E.C. 
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ARITHMETIC, GEOMETRY, MATHEMATICS, 
ETC. 


32. MATHEMATICAL INSTRUMENTS, a Treatise on; in which 
their Construction and the Methods of Testing, Adjusting, and Using them 
are concisely Explained. By J. F. HEATHER, M.A., of the Royal Military 

cademy, Woolwich. Original Edition, 1m 1 vol., Illustrated. xs. 6d. 
8° le ordering the above, be car@ful to say, “ Original Edition" (No. 32), to dtstin- 
gush tt from the Enlarged Edztion tn 3 vols. (Nos. 168-9-70.) 

60. LAND AND ENGINEERING SURVEYING, a Treatise on; 
with all the Modern Improvements. Arranged for the Use of Schools and 
Private Students ; also for Practical Land Surveyors and Engineers. y 
T. Baxer, C.E. New Edition, revised by Epwarp Nugent, C.E.  Iilus- 
trated with Plates and Diagrams, 2s.t¢ 


61*. READY RECKONER FOR THE ADMEASUREMENT OF 
LAND. By ABRAHAM ARMAN, Schoolmaster, Thurleigh, Beds. To which 
is added a Table, showingthe Price of Work, from 2s. 6d. to £1 per acre, and 
Tables for the Valuation of Land, trom 1s. to £1,000 per acre, and from one 
pole to two thousand acres in extent, &c., &c. 18. 6d. 

96. DESCRIPTIVE GEOMETRY, an Elementary Treatise on; 
with a Theory of Shadows and of Perspective, extracted from the French of 
G. Monce. To which is added, a description of the Principles and Practice 
of Isometrical Projection; the whole being intended as an introduction to the 
a pplication of Descriptive Geometry to various branches of the Arts. By 
j. F. Hearner, M.A. Illustrated with 14 Plates. as. 

178. PRACTICAL PLANE GEOMETRY: giving the Simplest 
Modes of Constructing Figures contained in one Plane and Geometrical Con- 
struction of the Ground. By J. F. Heatuer, M.A. With 215 Woodcuts. 2s. 

179. PROFECTION : Orthographic, Topographic, and Perspective: 

iving the various Modes of Delineating Solid Forms by Constructions on a 
ingle Plane Surface. By J. F. HearueEr, M.A. (/n preparation. 
*," Zhe above three volumes will form a COMPLETE ELEMENTARY COURSE OF 
MATHEMATICAL DRAWING 
83. COMMERCIAL BOOK-KEEPING. With Commercial Phrases 


and Forms in English, French, Italian, and German. By James Happon, 
M.A., Arithmetical Master of King’s College School, London. ts. 6d 


84. ARITHMETIC, a Rudimentary Treatise on: with full Explana- 
tions of its Theoretical yar se Pe and numerous Examplesfor Practice. For 
the Use of Schools and for Self-Instruction. By J.R. Youne, late Professor 
of Mathematics in Belfast College. New Edition, with Index. 1s. 6d. 

8,". A Kry to the above, containing Solutions in full to the Exercises, together 
with Comments, Explanations, and Improved Processes, for the Use of 
Teachers and Unassisted Learners. By J. R. Youna. 1s. 6d. 

85. EQUATIONAL ARITHMETIC, applied to Questions of Interest, 


85*. Annuities, Life Assurance, and General Commerce; with various Tables by 
which all Calculations may be greatly facilitated. By W. Hirsigey. as. 


86. ALGEBRA, the Elements of. By James Happon, M.A., 
Second Mathematical Master of King’s College School. With A irae 
containing miscellaneous Investigations, and a Collection of Problems in 
various parts of Algebra. 2s. 

86*, A Key AND ComMPANION to the above Book, forming an extensive repository of 
Solved Caray tp and Problems in Illustration of the various Expedients 
necessary in pelea Operations. Especially adapted for Self-Instruc- 
tion. By J. R. YounG. 15, 6d. 

88. EUCLID, THE ELEMENTs OF: with many additional Propositions 

89, and Explanatory Notes: to which is prefixed, an Introductory Essay on 
Logic. By Henry Law, C.E. 2s. 6d.¢ 

#*,* Sold also separately, viz. >— * 
88, Eucuiw, The First Three Books. By Henry Law, C.E. 1s. 
8. Evctip, Books 4, 5, 6, 11,12. By Henry Law, C.E. 1s. 6d. 





gE LLL LD 
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90. ANALYTICAL GEOMETRY AND CONIC SECTIONS, 
a Rudimentary Treatise on. By James Hann, late Mathematical Master of 
King’s College School, London. A New Edition, re-written and enlarged 
by J. R. Youna, formerly Professor of Mathematics at Belfast College. 28.¢ 

g!1. PLANE TRIGONOMETRY, the Elements of. By JAMES 
Hann, formerly Mathematical Master of King’s College, London. 1s. 


92. SPHERICAL TRIGONOMETRY, the Elements of. By JAMES 
Hann. Revised by Cuartes H. Downe, C.E. 1:8. 

%e" Or with “ The Elements of Plane Trigonometry,” in One Volume, 2s. 

93.5 MENSURATION AND MEASURING, for Students and Prac- 
tical Use. With the Mensuration and Levelling of Land for the Purposes of 
Modern Engineering. By T. Baker, C.E. New Edition, with Corrections 
and Additions by E. Nucrent, C.E. Illustrated. 1s. 6d. 

1*,. MEASURES, WEIGHTS, AND MONEYS OF ALL NA- 
ZIONS, and an Analysis of the Christian, Hebrew, and Mahometan 
Calendars. By W.S. B. Woornouss, F.R.A.S. (Reprinting. 

102. INTEGRAL CALCULUS, Rudimentary Treatise on the. By 
HomersHam Cox, B.A. Illustrated. 1s. 


103. ANZTEGRAL CALCULUS, Examples on the. By JAMzs Hann, 
late of King’s College, London. Illustrated. 1s. 


101. DIFFERENTIAL CALCULUS, Elements of the. By W. S. B. 
Wootnouss, F.R.A.S., &c. 18. 6d. 


105. MNEMONICAL LESSONS. — GEOMETRY, ALGEBRA, AND 
TRIGONOMETRY, in Easy Mnemonical Lessons. By the Rev. THomMAs 
PrenynGton Kirkman, M.A. 1s. 6d. 

136. ARITHMETIC, Rudimentary, for the Use of Schools and Self- 
qoatec noe: By James Happon, M.A. Revised by ABRAHAM ARMAN, 
18. 

137-5 A Key ro Happon’s RupDimMenrARY ARITHMETIC., By A. ARMAN. 1s. 6d. 


168. DRAWING AND MEASURING INSTRUMENTS. Includ- 


ing—I. Instruments employed in Geometrical and Mechanical Drawing, 
and in the Construction, Copying, and Measurement of Maps and Plans. 
II. Instruments used for the purposes of Accurate Measurement, and tor 
Arithmetical Computations. By Jj. F. Hearner, M.A, late of the Royal 
Military Academy, Woolwich, Author of ‘‘ Descriptive Geometry,’’ &c., &c. 
Illustrated. 1s. 6d. ; ; 

169. OPTICAL INSTRUMENTS. Including (more especially) Tele- 


scopes, Microscopes, and apparatus for producing copies of Maps and Plans 
by Photography. By J. F. Heatuer, M.A. Illustrated. 1s. 6d. 


170. SURVEYING AND ASTRONOMICAL INSTRUMENTS. 


Including—I. Instruments Used for Determining the Geometrical Features 
of a portion of Ground. II. Instruments Employed in Astronomical Observa- 
tions. By J. F. HEATHER, M.A. Illustrated. 1s. 6d. 
a The above three volumes form an enlargement of the Author's original work, 
“ Mathematical /nstruments: theer Construction, Adjustment, Testing, and Use,’ 
the Thirteenth Edition of which zs on sale, price 1s. 6a. (See No. 32 tn the Series.) 


168.) MATHEMATICAL INSTRUMENTS. By J. F. HEATHER, 
169.2? M.A. Enlarged Edition, for the most part entirely re-written. The 3 Parts as 
170.J above, in One thick Volume. With numerous Illustrations. 4s. 6d.¢ 


158 ZTHE SLIDE RULE, AND HOW TO USE I7; containin 
full, easy, and simple Instructions to perform a]l Business Calculations wi 
unexampled rapidity and accuracy. By CuHaries Hoarg, C.E. Witha 
Slide Rule in tuck of cover. 3s.t ; 

185. THE COMPLETE MEASURER ; setting forth the Measure- 


ment of Boards, Glass, &c., &c.; Unequal-sided, Square-sided, Octagonal- 
sided, Round Timber and Stone, and Standing Timber. With a Table 
showing the solidity of hewn or eight-sided timber, or of any%ctagonal- 
sided column. Compiled for Timber-growers, Merchants, an mages Ae 
Stonemasons, Architects, and others. By RicHArRD Horton. hird 
Edition, with valuable additions. 4s.; strongly bound in leather, 5s. 


*4 Cao” The t indicates that these vols. may be had strongiy bound at 6d. extra. 
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196. ZHEORY OF COMPOUND INTEREST AND ANNUI- 
TIES; with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c. By F&por Tuoman, of the Société Crédit 
Mobilier, Paris. 4s.¢ 


199. JVTUITIVE CALCULATIONS ; or, Easy and Compendious 
Methods of Pertorming the various Arithmetical Operations required in 
Commercial and Business Transactions ; together with ull Explanations of 
Decimals and Duodecimals, several Useful Tables, and an Examination and 
Discussion of the best Schemes for a Decimal Coinage. By Daniz1L 
O’Gorman. Twenty-fifth Edition, corrected and enlarged by J. z. Youna, 
ey Professor of Mathematirs in Belfast College. 3s. . 

20}. MATHEMATICAL TABLES, for Trigonometrical, Astronomical, 
and Nautical Calculations; to which is prefixed a Treatise on Logarithms. 
By Henry Law, C.E d onether with a Series of Tables for Navigation 
and Nautical Astronomy, Ry J. R. Youne, formerly Professor of Mathe- 
matics in Belfast College. New Edition. 3s, 6d.3 [Fast pubdished. 


MISCELLANEOUS VOLUMES. 


36. 4 DICTIONARY OF TERMS used in ARCHITECTURE, 
BUILDING, ENGINEERING, MINING, METALLURGY, ARCHZE- 
OLOGY, the FINE ARTS, &c. By Joun Weratz. Fifth Edition. Revised 
by Roserr Huat, F.R.S., Keeper of Mining Records. .Numerous Illus- 
trations. 5s. cloth limp; 6s. cloth boards. 

s0. THE LAW OF CONTRACTS FOR WORKS AND SER- 
VICES. By Davin Gispons. Third Edition, enlarged. 3s.¢ 


112, MANUAL OF DOMESTIC MEDICINE. By R. Goopina, 
B.A., M.D. Intended as a Family Guide in all Cases of Accident and 
Emergency. 2s.% : 

112, MANAGEMENT OF HEALTH. A Manual of Home and 
Personal Hygiene. By the Rev. Jamres Bairp, B.A. 13. 


'150, LOGIC, Pure and Applied. ByS.H.EMMENs. ts. 6d. 
152. PRACTICAL HINTS FOR INVESTING MONEY. With 


an Explanation of the Mode of Transacting Business on the Stock Exchange. 
By Francis PLAYForD, Sworn Broker. 1s. €d. 

153. SELECTIONS FROM LOCKE’S ESSAYS ON THE 
HUMAN UNDERSTANDING. With Notes by S. H. Emmens. 2s. 


154. GENERAL HINTS TO EMIGRANTS. Containing Notices 
of the various Fields for Emigration. "With Hints on Preparation for 
Emigrating, Outfits, &c., &c. Wath Directions and Recipes useful to the 
Emigrant. With a Map of the World. 2s. 

157. JHE EMIGRANT'’S GUIDE TO NATAL. By ROBERT 
James Mann, F.R.A.S., F.M.S. Second Edition, carefully corrected to 
the present Date. Map. as. 

193. HANDBOOK OF FIELD FORTIFICATION, intended for the 
Guidance of Officers Preparing for Promotion, and especially adapted to the 
requirements of Keginners. Major W. W. KNOLLYS, F.R.GS., 93rd 
Sutherland Highlanders, &c. ith 163 Woodcuts. 38. 

194. THE HOUSE MANAGER: Being a Guide to Housekeeping. 
Practical Cookery, Pickling and Preserving, Household Work, Dairy 
Management, the Table and Dessert, Cellarage of Wines, Home-brewing 
and Wine-making, the Boudoir and Dressing-room, Travelling, Stable 
Economy, Gardening Operations, &c. By AN OLD HOUSEKEEPER. 38, 6d.¢ 

194. HOUSE BOOK (The). Comprising :—I. THE Housk MANAGER. 

112. cr an O_p Housekeeper. II. Domestic MeEpIcInE. By RaLPpH GOODING, ¢ 

-D. III. MANAGEMENT OF HeattH. By JamzEs Bainp. In One Vol., 

112 strongly half-bound. 6s. 


Ga” The t tnaicates that these vols. may be had strongly bound at 62. extra. 
LONDON : CROSBY LOCKWOOD AND CO., 


WEALE’S EDUCATIONAL AND CLASSICAL SERIES. 13 


‘EDUCATIONAL AND CLASSICAL SERIES. 


HISTORY. 


1. England, Outlines of the History of; more especially with 
reference to the Origin and Progress of the English Constitution. By 

Wittiam Dovuctas Hinaon, F.S.A., of Her Majesty’s Public Record 
Office. 4th Edition, revised. §s.; cloth boards, 6s. 

. Greece, Outlines of the History of; 1n connection with the 
Rise ot the Arts and Civilization in Europe. By W. Douctas Hamitton 
of University College, London, and Epwarp Levien, M.A., of Balliol 
College, Oxford. 2s. 6d.; cloth boards, 3s. 6d. 

7. Rome, Outlines of the History of: from the Earliest Period 
to the Christian Era and the Commencement of the Decline of the Empire. 
By Epwarp Levien, ot Balliol College, Oxford. Map, 2s. 6d.; cl. bds. 38. 6d. 
9g. Chronology of History, Art, Literature, and Progress, 
from the Creation o: the World to the Conclusion of the Franco-German War. 

The Continuation by W. D. Hamitron, F.S.A. 3s.; cloth boards, 3s. 6d. 
50. Dates and Events in English History, for the use of 
Candidates in Public and Private Examinations. By the Rev. E. RAnp. 13. 


ENGLISH LANGUAGE AND MISCELLANEOUS. 


11. Grammar of the English Tongue, Spoken and Written. 
With an Introduction to the Study of Comparative Philology. By Hypz 
CrarkE, D.C.L. Third Edition. 1s. 6d. 

1®, Philology: Handbook of the Comparative Philology of English, 
oy Spats Frisian, Flemish or Dutch, Low or Platt Dutch, High Dutch 
or German, Danish, Swedish, Icelandic, Latin, Italian, French, Spanish, and 
Portuguese Tongues. By Hypg Crarxgz, D.C.L. 1s. 

12. Dictionary of the English Language, as Spoken and 
Written. Containing above 100,000 Words. By Hypg Crarxg, D.C.IL. 
3s. 6d.; cloth boards, 4s. 6d.; complete with the Grammar, cloth bds., ie 6d. 

48. Composition and Punctuation, familarly Explained for 
those who have neglected the Study of Grammar. By JustIN BRENAN. 
17th Edition. 1s. 6d. ee 

49. Derivative Spelling-Book: Giving the Origin of Every Word 
from the Greek, Latin, Saxon, German, Teutonic, Dutch, French, Spanish, 
and other Languages; with their present Acceptation and Pronunciation. 
By J. Rowsotnam, F.R.A.S. Improved Edition. 1s. 6d. . 

51. The Art of Extempore Speaking: Hints for the Pulpit, the 
Senate, and the Bar. By M. Baurain, Vicar-General and Professor at the 
Sorbonne. Translated fromthe French. 7th Edition, carefully corrected. 2s.6d. 

52. Mining and Quarrying, with the Sciences connected there- 
with. First Book ot, for Schools. By J. H. Cotuns, F.G.S., Lecturer to 
the Miners’ Association of Cornwall and Devon. Is. — 

53. Places and Facts in Political and Physical Geography, 
for Candidates in Examinations. By the Rev. EpGar Rann, B.A. 18. 

54. Analytical Chemistry, Qualitative and Quantitative, a Course 
of. To which is prefixed, a Brief l'reatise upon Modern Chemical Nomencla- 
ture and Notation. By Wa. W. Pink and Ggorce E. WEBSTER. 28. 

THE SCHOOL MANAGERS' SERIES OF READING 
BOOKS, 

Adapted to the Requirements of the New Code. Edited by the Rev. A. R. Granr, 

Rector of Hitcham, and Honorary Canon of Ely; formerly H.M. Inspector 





tn 


of Schools. 
INTRODUCTORY PRIMER, 34. Z 
& se 
First STANDARD . - o 6 FourtTH STANDARD. ‘ - xr 32 
SEcoNnD _,, » «© OO Fier ‘3 - gg ° t 6 
TuHirD c ‘ ; - x 6 


xe _ _ , SIntH 5 

Lessons FROM THE Finte. Part I. Old Testament. 1s. : 

Lessons FROM THE Hinte. Part II. New Testament, to which is added 
THe GrocrarHy oF THE Hincy, for very young Children. Hy Rev. C. 
THORNTON Forster. 1s. 2d. *,* Or the I'wo Parts in One Volume. as. 
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24. French G os 
4. nc raramar. ith Complete and Concis 
Genders of French Nouns. By G. L. See Ph.D. oe oa = 
25. French-English Dictionary. Comprising a large number of 
New Terms used in Engineering, Mining, &c. y ALFrep Etwes. 1s. 6d. 
26. English-French Dictionary. BY ALFRED ELWES. 238, 
25,26. French Dictionary (as above). Complete, in One Vol., 38.3 
cloth boards, 3s. 6d. *," Or with the Grammar, cloth boards, 4s. 6d. 
47. French and English Phrase Book: containing Intro- 
ductory Lessons, with Translations, several Vocabularies of Words, a Col- 
lection of suitable Phrases, and Easy Familiar Dialogues. 1s. 





GERMAN. 
39. German Grammar. Adapted for English Students, from 
Heyse’s Theoretical and Practical mar, by Dr. G. L. Strauss. 1s. 


40. German Reader: A Series of Extracts, carefully culled from the 
most approved Authors of Germany; with Notes, Philological and Ex- 
Pi samen By G. L. Strauss, Ph.D. 1s. 
41. German Triglot Dictionary. By NicHonas ESTERHAzY 
S. A. Hamitton. Part I. English-German-French, 1s. 
42. conaen Triglot Dictionary. Part II. German-French- 
nglish. 1s. 
43. Gernae Triglot Dictionary. Part ITI. French-German- 
English. 1s. 
4t-43.German Triglot Dictionary (as above), in One Vol., 38; 
cloth boards, 4s. %* Or with the GzrmAN Grammar, cloth boards, ss. 





ITALIAN. 
27. Italian Grammar, arranged in Twenty Lessons, with a Course 
of Exercises. By ALFRED Ewes. 1s. 6d. 
28. Italian Triglot Dictionary, wherein the Genders of all the 
Italian and French Nouns are carefully noted down. By ALFRED Etwes. 
Vol. 1. Italian-English-French. 2s. 6d. 
30. Italian Triglot Dictionary. By A. ELwes. Vol, 2. 
English-French-Italian. 2s. 6d. 
32. Italian Triglot Dictionary. By ALrrep ELwes. Vol. 3. 
French-Italian-English. 2s. 6d. 
28,30, Italian Triglot Dictionary (as above). In One Vol., 7s. 6d. 
32. Cloth boards. 


SPANISH AND PORTUGUESE, 

34. Spanish Grammar, in a Simple and Practical Form. With 
a Course of Exercises. By Atrrep Etwes. 1s. 6d. 

35- Spanish-English and obey aahgaiad Yenc rit Dictionary. 
Including a large number of Technical Terms used in Mining, Engineering, &c., 
with the proper Accents and the Gender of every Noun. By ALFRED ELwes. 
48.3 cloth boards, 5s. *,* Or with the GRAMMAR, cloth boards, 6s 


55. Portuguese Grammar, in a Simple and Practical Form. 
With a Course of Exercises. By ALFRED E:wes. 1s. 6d. 

56. Portuguese~English and English-Portuguese Dic~ 
tionary, with the Genders of each Noun. Hy AtFrep ELwes. 


[Jn preparation. 
HEBREW. 


46%. Hebrew Grammar. By Dr. BRESSLAU. Is. 6d. a 
44. Hebrew and English Dictionary, Biblical and Rabbinical ; 
containing the Hebrew and Chaldee Roots of the Old Testament Post- 
Rabbinical Writings. By Dr. Bresstau. 6s. *,° Or with the GRAMMAR, 78. 
46. English and Hebrew Dictionary. By Dr. BRESSLAU. 3s. 
44,46. Hebrew Dictionary (as above), in Two Vols., complete, with 
46%, the Grammar, cloth boards, 12s. 


LONDON : CROSBY LOCKWOOD AND CO., 
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LATIN. 


I9. esate Grannet. containing the Inflections and Elementary 
rinciples of Translation and Construction. By the Rev. Tuo Goo 
M.A., Head Master of the Greenwich Bropristary School. < - pais 


20. Latin-English Dictionary. By the Rev. THomas Goopwin, 





A, 28, 
22. English-Latin Dictionary; together with an Appendix of 
French and Italian Words which have their origin from the Latin. By the 
Rev. Tuomas Goopwin, M.A. 1s. 6d. 
20,22. Latin Dictionary (as above). Complete in One Vol., 3s. 6d.; 
cloth boards, 4s. 6d. *,* Or with the GRAMMAR, cloth boards, ss. 6d. 


LATIN CLASSICS. With Explanatory Notes in English. 

I. Latin Delectus. Containing Extracts from Classical Authors, 
with Genealogical Vocabularies and Explanatory Notes, by H. Youne. 1s. 

2. Czsaris Commentarii de Bello Gallico. Notes, and a Geographical 
Register for the Use of Schools, by H. Younc. 2s. 

3. Cornelius Nepos, With Notes. By H. Youna. 1s, 

4. Virgilii Maronis Bucolica et Georgica. With Notes on the Buco- 
ics by W. Rusuton, M.A., and on the Georgics by H. Youne. xs. 6d. 

5. Virgilii Maronis AZneis. With Notes, Critical and Explanatory, 
by H. Youna. New Edition, revised_and improved. With copious Addi- 
tional Notes by Rev. T. H. L. Lrary, D.C.L., tormerly Scholar of Brasenose 
College, Oxford. 3s. 

. -—— Partr. Books i.—vi., 1s. 6d. 

5** Part 2. Books vii.—xii., 2s. 


6. Horace; Odes, Epode, and Carmen Seculare. Notes by H. 


Youn. 1s. 6d. : 
7- Horace; Satires, Epistles, and Ars Poetica. Notes by W. Brown- 


RIGG SmiTH, M.A., F.R.G.S. 1s. 6d. 

8. Sallustii Crispi Catalina et Bellum Jugurthinum., Notes, Critical 
and Explanatory, by W. M. Donnz, B.A., Trin. Coll.,Cam. 1s. 6d. 

9g. Terentii Andria et Heautontimorumenos. With Notes, Critical 
and Explanatory, by the Rev. James Davisrs, M.A. ts. 6d. 

10. Terentii Adelphi, Hecyra, Phormio. Edited, with Notes, Critical 
and Explanatory, by the Rev. Jamgs Daviss, M.A. 2s. 

11. Terentii Eunuchus, Comcedia. Notes, by Rev. J. DAvies, M.A. 
1s. 6d. 

12. Ciceronis Oratio pro Sexto Roscio Amerino. Edited, with an 
Introduction, Analysis, and Notes, Explanatory and Critical, by the Rev. 
james Daviss, M.A. is. 

13. Ciceronis Orationes in Catilinam, Verrem, et pro Archia. 


With Introduction, Analysis, and Notes, Explanatory and Critical, by Rev. 
1. H. L. Leary, D.C.L. formerly Scholar of Brasenose College, Oxford. 


18. 6d. 
14. Ciceronis Cato Major, Lzlius, Brutus, sive de Senectute, de Ami- 


citia, de Claris Oratoribus Dialogi. With Notes by W. Brownarice Suiru, 
.A., F.R.G.S. 2s. 

16. Livy: History of Rome. Notes by H. Younc and W. B. Suiru, 
M.A. Partxz. Books i., ii., rs. 6d. 

16%, ——-——— Part 2. Books iii., iv., v., 1s. 6d. 

17. Part 3. Books xxi., xxii., 1s. 6d. 

19. Latin Verse Selections, from Catullus, Tibullus, eh nian 
and Ovid. Notes by W. B. Donng, M.A., Trinity College, Cambridge. as. 

20. Latin Prose Selections, from Varro, Columella, Vitruvius, 
Seneca, Sananan, Florus, Velleius Paterculus, Valerius Maximus Sueto- 
nius, Apuleius, &c. Notes by W. B. Donng, M.A. 2s. 

a1. Juvenalis Satire. With Prolegomena and Notes by T. H. S. 
Escort, B.A., Lecturer on Logic at King’s College, London. 2s, 


47, STATIONERS’ HALL COURT, LUDGATE HILL, £.C, 
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GREEK. 


14. Greek Grammar, in accordance with the Principles and Philo- 
logical Researches of the most eminent Scholars of our own day. By Hans 
Craupe HamILTon. 1s. 6d. 

15,17.Greek Lexicon. Containing all the Words in General Use, with 

ad sipnimcstions, Pls are — eh ite uantities. By Henry R. 
AMILTON. Vol. 1. Greek-English, 2s.; Vol. 2. English-G ‘ 

Two Vols. in One, 4s.: cloth boards, 5s. pereeh ons 

14.15.Greek Lexicon (as above). Complete, with the GRamMAR, in 

17. One Vol., cloth boards, 6s. 


GREEK CLASSICS. With Explanatory Notes in English. 
1. Greek Delectus. Containing Extracts from Classical Authors, 
a) msneslonicel Vccs bularice end a Solanetory ag Bab d H. Younc. New 
ition, Wi an improved and enlarged ou em 
Hurcuisox, M.A., of the High School, Glacgow. 1s-6d. et? PY JOHN 
2,3. Renophon’s Anabasis; or, The Retreat of the Ten Thousand. 
Notes and a Geographical Register, by H. Younc. Part 1. Books i. to iii., 
1s. Part 2. Books iv. to vii., 15. 
4. Lucian’s Select Dialogues. The Text carefully revised, with 
Grammatical and Explanatory Notes, by H. Younc. 1s. 6d. 


5-12. Homer, The Works of. According to the Text of BAKRUMLEIN. 
With Notes, Critical and Explanatory, drawn from the best and latest 


Authorities, with Preliminary Observations and Appendices, by T. H. L 
Leary, M.A., D.C.L. 


Tue Inia: Part 1. Books i. to vi., rs. 6d. Part 3. Books xiii. to xviii., rs. 6d. 
Part 2. Books vu.toxu.,1s.6d. Part 4. Books xix. to xxiv., 1s. 6d. 
Tug Opyssgy: Partz. Books1. to vi., xs. 6d Part 3. Books xiti. to xviii., rs. 6d. 
Part 2. Books vii.to xit.,1s.6d. Part 4. Books xix. to xxiv., and 

. Hymns, es. 

13. Plato’s Dialogues: The Apology of Socrates, the Crito, and 
the Phedo. From the Text of C. F. Hermann. Edited with Notes, Critical 
and Explanatory, by the Rev. JAMES Davigs, M.A. as. 

14-17. Herodotus, The History of, chiefly alter the Text of GAISForRD. 
With Preliminary Observations and Appendices, and Notes, Critical and 
Explanatory, by T. H. L. Leary, M.A., D.C.L. 

Part i. Books i., ii. (The Clio and Euterpe), 2s. 

Part 2. Books iii., iv. (The Thalia and Melpomene), 2s. 

Part 3. Books v.-vii. (The Terpsichore, Erato, and Polymnia), 2s. 
Part 4. Books viii., ix. (The Urania and Calliope) and Index, 1s. 6d. 

18. Sophocles: C£dipus Tyrannus. Notes by H. Youne. Its. 

20. Sophocles: Antigone. From the Text of DINDoRF. Notes, 
Critical and Explanatory, by the Rev. JoHn Mitner, B.A. 2s. 

23. Euripides: Hecuba and Medea. Chiefly from the Text of DIn- 
porF. With Notes, Critical and Explanatory, by W. Brownrice Smirtu, 
M.A., F.R.G.S._ 1s. 6d. 

26. Euripides: Alcestis. Chiefly from the Text of DINDORF. With 
Notes, Critical and Explanatory, by JoHNn Mirner, B.A. 1s. 6d. 

30. A&schylus: Prometheus Vinctus : The Prometheus Bound, From 
the Text of Dinporr. Edited, with English Notes, Critical and Explanatory, 
by the Rev. James Davigs, M.A. 1s. 

32. 4=schylus: Septem Contra Thebes: The Seven against Thebes. 
From the Text of Dinporr. Edited, with English Notes, Critical and Ex- 
planatory, by the Rev. Jamzs Davigs, M.A. 1s. . 

40. Aristophanes: Acharnians. Chiefly from the Text of C. H. 
Weisz. With Notes, by C. S. T. Townsnenp, M.A. _1s. 6d. 

41. Thucydides: History of the Peloponnesian War. Notes by H. 
Younc. Bookx. 1s. 

42. &¥aophon’s Panegyric on Agesilaus. Notes and Intro- 
duction by Lt. F. W. Jewitt. 1s, 6d. Ste 

3. Demosthenes. The Oration on the Crown and the Philippics. 
With English Notes. Ry Rev. T. H. L. Leary, D.C.L., formerly Scholar of 
Brasenose College, Oxford. 1s. 6d. 
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flumber's New Work on Water-Supply. 


A COMPREHENSIVE TREATISE on the WATER-SUPPLY 
of CITIES and TOWNS. By Witt1am Humber, A-M. Inst. 
C.E., and M. Inst. M.E. Illustrated with 50 Double Plates, 
I Single Plate, Coloured Frontispiece, and upwards of 250 Wood- 
cuts, and containing 400 pages of Text, Imp. gto, 6/. 6s. elegantly 
and substantially half-bound in morocco. 


List of Contents :— 


I. Historical Sketch of some of the 
means that have been adopted for the 
Supply of Water to Cities and Towns.— 
II. Water and the Foreign Matter usually 
associated with it.—III. Rainfall and 
Evaporation.—IV. Springs and the water- 
bearing formations of various districts. — 
V. Measurement and Estimation of the 
Flow of Water.—VI. On the Selection of 
the Source of a eh Wells.— 
VIII Reservouws.—1X. The Purification 
of Water.—X. Pumps.—XI. Pumping 


Machinery.—XITI, Conduits. —XIII. Dis- 
tribution of Water.—XIV. Meters, Ser- 
vice Pipes, and House Fittings. —XV. The 
Law and Economy of Water Works.— 
XVI. Constant and Intermittent Supply. 
—XVII. Description of Plates.—Appen- 
dices, giving Tables of Rates of Supply, 
Velocities, &c. &c., together with Specifi- 
cations of several Works illustrated, among 
which will be found :—Aberdeen, Kideford, 
Canterbury, Dundee, Halifax, Lambeth, 
Rotherham, Dublin, and others. 


‘** The most systematic and valuable work upon water supply hitherto produced in 
English, or in any other language . . . . Mr. Humber’s work 1s characterised almost 
througnout by an exhaustiveness much more distinctive of French and German than 
of English technical treatises.”— Zngineer. 


Humber's Great Work on Bridge Construction. 
A COMPLETE and PRACTICAL TREATISE on CAST and 
WROUGHT-IRON BRIDGE CONSTRUCTION, includi 
Iron Foundations. In Three Parts—Theoretical, Practical, ah 
Descriptive, By WILLIAM HUMBER, A-M. Inst. C.E., and M. Inst. 
M.E. Third Edition, with 115 Double Plates, In 2 vols, imp. gto, 
6/, 16s. 6d. half-bound in morocco, 

‘* A book—and particularly a large and costly treatise like Mr. Humber’s—which 
has reached its third edition may certainly be said to have established its own 
reputation.”—Anginecering. 
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flumber's Modern Engineering. 


ene 


A RECORD of the PROGRESS of MODERN ENGINEER: 


ING. First Series. 


Comprising Civil, Mechanical, Marine, Hy- 
draulic, Railway, Bridge, and other Engineering Works, &c. 
WILLIAM HuMBER, A-M. Inst. C.E., &c. Imp. 


By 
4to, with 


36 Double Plates, drawn to a large scale, and Portrait of John 
Hawkshaw C.E.,\F.R.S., &c., and descriptive Letter-press, Speci- 


fications, &c. 


Victoria Station and Roof, L B. & S. 
C. R. (8 plates), Southport Pier (2 plates); 
Victoria Station and Roof, L. C. & D. and 
G. W. R. (6 plates); Roof of Cremorne 
Music Hall; Bridge over G. N. Railway ; 
Roof of Station, Dutch Rhenish Rail (2 


-_— 


** Handsomely hthographed and printed. 


3¢. 3s. half morocco. 
List of the Plates and Diagrams. 


poe ridge over the Thames, West 
ndon Extension Railway (5 plates) ; Ar- 
mour Plates , Susicnsiors ridge, Thames 
% plates): The Alien Engine ; Suspension 
ridge, Avon (3 plates); Underground 
Railway (3 plates). . 
It will find favour with many who desire 


to preserve in a permanent form copies of the plans and specifications prepared for the 
guidance of the contractors for many important engineering works.” —Zg%: 


inet, 
HUMBER’S RECORD OF MODERN ENGINEERING. Second 


Series. 


Imp. 4to, with 36 Double Plates, Portrait of Robert Ste- 


phenson, C.E., &c., and descriptive Letterpress, Specifications, 


&c. 34. 3s. half morocco. 


List of the Pintes and ee, ielick 


Birkenhead Docks, Low Water Basin 
(15 plates); Charing Cross Station Roof, 
C C. Railway (3 plates) ; Digswell Via- 
duct, G. N. Railway; Robbery Wood 
Viaduct, G, N. Railway ; Iron Permanent 
Way; Clydach Viaduct, Merthyr, ‘Tre- 
On and Abergavenny Railway ; Ebbw 


Viaduct, Merthyr, Tredegar, and Aberga- 
venny Railway; College Wood Viaduct, 
Cornwall Railway ; Dublin Winter Palace 
Roof (3 plates) ; Bridge over the Thames, 
L. C. and D. Railway (6 plates) ; Albert 
Harbour, Greenock (4 plates). 


MBER’S RECORD OF MODERN ENGINEERING. Third 
Series. Imp. 4to, with 40 Double Plates, Portrait of J. R. M ‘Clean, 
Esq., late Pres. Inst. C.E., and descriptive Letterpress, Specifica- 


tions, &c. 


3¢. 3s. half morocco, 


List of the Plates and Diagrams. 


Main DRAINAGE, METROPOLIS. — 
North Side.—Map showing Interception 
of Sewers ; Middle Level Sewer (2 plates); 
Outfall Sewer, Bridge over River Lea (3 
pate): Outfall Sewer, Bridge over Mars 

ne, North Woolwich Railway, and Bow 
and Barking Railway Junction; Ontfall 
Sewer, Bn ge over Bow and Barking 
Railway (3 plates); Outfall Sewer, Bridge 
over East London Waterworks’ Feedei 
(2 plates); Outfall Sewer, Reservoir (2 


Branch (2 plates); Outfall Sewer, Reser- 
voir and Outlet (4 plates) ; Outfall Sewer, 
Filth Hoist; Sections of Sewers (North 
and South Sides). 

THAMES EMBANKMENT.—Section of 
River Wall; Steamboat Pier, Westminster 
(2 plates); Landing Stairs between Cha- 
ring Cross and Waterloo Bridges ; York 
Gate (2 plates) ; Overflow and Outlet at 
Savoy Street Sewer (3 plates) ; Steamboat 
Pier, Waterloo Bridge (3 plates); Junc- 


plates); Outfall Sewer, Tumbling Bay | tionof Sewers, Plans and Sections; Gullies, 


and Outlet; Outfall Sewer, Penstocks. 


Plans and Sections ; Rolling Stock; Gra- 


South Stde.—Outfall Sewer, Bermondsey | nite and Iron Forts. 


HUMBER’S RECOKD OF MODERN ENGINEERING. Fourth 


Series. 


Imp. 4to, with 36 Double Plates, Portrait of John Fowler, 


Esq., late Pres. Inst. C.E., and descriptive Letterpress, Specifica- 


tions, &c. 


3/. 3s. half morocco. 


List of the Plates and Diagrams. 


Abbey Mills Pumping Station, Main 

rainag, Metropolis (4 plates); Barrow 
Docks (§ plates); Manquis Viaduct, San- 
pe ahaa Valparaiso Railway (2 plates) ; 
Adam's Locomotive, St. Helen’s Canal 
Railway (2 plates); Cannon Street Station 
Roof, Charing Cross Railway (3 5 ena 
Road Bridge over the River Moka (2 
plates); Telegraphic Apparatus for Meso- 


idland Railway (3 plates); St. German's 
Viaduct, Cornwall Railway (2 plates) ; 
Wrought-Iron Cylinder for ieee: 
Millwall Docks (6 plates); Milroy’s Patent 
Excavator, Metropolitan District Railway 
(6 plates); Harbours, Ports, and Break- 
waters (3 plates), 


pommis.; Viaduct over the River Wye, 


™ 
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Strains, Formule & Diagrams for Calculation of. 
A HANDY BOOK for the CALCULATION of STRAINS 
in GIRDERS and SIMILAR STRUCTURES, and their 
STRENGTH ; consisting of Formulzand Corresponding Diagrams, 
with numerous Details for Practical Application, &c. By WILLIAM 
HuMBER, A-M. Inst. C.E., &c. Third Edition. With nearly 
100 Woodcuts and 3 Plates, Crown 8vo, 7s. 6d. cloth. 

**The arrangement of the matter in this little volume is as convenient as it well 
could be. .... The system of employing diagrams as a substitute for complex 
computations is one justly coming into great favour, and in that respect Mr. Humber’s 
volume is fully up to the times."—Zagzneering. 

*‘ The formulz are neatly expressed, and the diagrams good.” —A theneeum, 

“*Mr. Humber has rendered a great service to the architect and engineer by pro- 
ducing a work especially treating on the methods of delineating the strains on iran 
beams, roofs, and bridges by means of diagrams,” —Builder, 


Strains. 
THE STRAINS ON STRUCTURES OF IRONWORK ; 
with Practical Remarks on Iron Construction, By F. W. SHEILDs, 
M. Inst. C.E. Second Edition, with 5 Plates. Royal 8vo, 5s. cloth. 
‘The student cannot find a better little book on this subject than that written by 
Mr. Sheilds."—Zugineer. 


Barlow on the Strength of Materials, enlarged. 
A TREATISE ON THE STRENGTH OF MATERIALS, 
with Rules for application in Architecture, the Construction of 
Suspension Bridges, Railways, &c.; and an Appendix on the 
Power of Locomotive Engines, and the effect of Inclined Planes 
and Gradients. By PETER BaRLow, F.R.S. A New Edition, 
revised by his Sons, P. W. BARLow, F.R.S., and W. H. BARLow, 
F.R.S. The whole arranged and edited by W. HUMBER, A-M. 
Inst. C.E. 8vo, 400 pp., with 19 large Plates, and numerous 


woodcuts, 18s. cloth. 
‘* The best book on the subject which has yet appeared. . . . . We know of 
no work that so completely fulfils its mission.”"—Znglish Mechanic. 
‘* The standard treatise upon this particular subject." —Laginecr. 


Strength of Cast Iron, &e. 
A PRACTICAL ESSAY on the STRENGTH of CAST IRON 
and OTHER METALS. By THomAs TREDGOLD,C.E. Fifth 
Edition, To which are added, Experimental Researches on the 
Strength and other Properties of Cast Iron, by E. HODGKINSON, 
F.R.S. With 9 Engravings and numerous Woodcuts. 8vo, 12s, 
cloth. «*, HODGKINSON’S RESEARCHES, separate, price 6s. 


HHydraulis. 
HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULE 
for finding the Discharge of Water from Orifices, Notches, Weirs, 
Pipes, and Rivers. With New Formule, Tables, and General 
Information on Rain-fall, Catchment-Basins, Drainage, Sgwerage, 
Water Supply for Towns and Mill Power. oh JOHN NEVILLE, 
Civil Engineer, M.R.ILA. Third Edition, carefully revised, with 
considerable Additions. Numerous Illustrations. Cr. 8vo, 145. cloth. 


“Undoubtedly an excetdingly useful and elaborate compilation.” —Jron. 
“ Alike valuable to students and engineers in pracuuce.”—Miéning baie 
2 
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Levelling. 

A TREATISE on the PRINCIPLES and PRACTICE of 
LEVELLING ; showing its sg see to Purposes of Railway 
and Civil eering, in the Construction of Roads; with Mr. 
TELFORD’s Rules for the same. By FREDERICK W. SIMMS, 
F.G.S., M. Inst. C.E, Sixth Edition, very carefully revised, with 
the addition of Mr. Law’s Practical Examples for Setting out 
Railway Curves, and Mr. TRAUTWINE’S Field Practice of La 
out Circular Curves. With 7 Plates and numerous Woodcuts. 8vo, 
8s. 6a. cloth. *,* TRAUTWINE on Curves, separate, 55. 

“* The text-book on levelling in most of our engineering schools and colleges.”— 


Engineer, ; : 

Practical Tunnelling. 
PRACTICAL TUNNELLING: Explaining in detail the Setting 
ovt of the Works, Shaft-sinking and Heading-Driving, Ranging 
the Lines and Levelling under Ground, Sub-Excavating, ‘Timbering, 
and the Construction of the Brickwork of Tunnels with the amount 
of labour required for, and the Cost of, the various portions of the 
work, By : . W. Simms, M. Inst. C.E. Third Edition, Revised 
and Extended. By D. KINNEAR CLARK,M.I.C.E. Imp. 8vo, 
with 21 Folding Plates and numerous Wood Engravings, 305. cloth. 

‘It has been regarded from the first as a text-book of the subject. . . . Mr. Clark 

has added immensely to the value of the book.”—Zgineer. 

Steam. 
STEAM AND THE STEAM ENGINE, Stationary and Port- 
able, an Elementary Treatise on. Being an Extension of Mr. 
John Sewell’s Treatise on Steam. By D. KINNEAR CLARK, 
M.I.C.E. Second Edition Revised. 12mo, 4s. cloth. 


‘Every essential part of the subject is treated of competently, and in a popular 
stvle.”—/ron. 


Gas-Lighting. 

COMMON SENSE FOR GAS-USERS: a Catechism of Gas- 
Lighting for Householders, Gasfitters, Millowners, Architects, 
Engineers, &c., &c. By ROBERT WILSON, C.E. 2nd Edition, 
with Folding Plates, Crown 8vo, sewed, 2s. 6d. 

Bridge Construction in Masonry, Timber, & Iron. 
EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC- 
TION OF MASONRY, TIMBER, AND IRON ; consisting of 
46 Plates from the Contract Drawings or Admeasurement of select 
Works. By W. Davis Hasko.1, C.E. Second Edition, with 
the addition of 554 Estimates, and the Practice of Setting out Works, 
with 6 pages of Diagrams, Imp. 4to, 2/. 125. 6d, half-morocco. 


‘*A work of the present nature by a man of Mr. Haskoll’s experience, must prove 
invaluable. The tables of estimates considerably enhance its value."—Lginsering. 


Earthwork. 
EARTHWORK TABLES, showing the Contents in Cubic Yards 
of Lmbankments, Cuttings, &c., of Heights or Depths up to an 
average of 80 feet. By JosSEPH BROADRBENT, C.E., and FRANCIS 
CaMPIN, C.E, Cr. 8vo, oblong, 55. cloth. 
“(The way in which accuracy is attained, by a simple division of each cross 
sectign into three elements, two of which are constant and one variable, is in- 


genious,” —A thenzeum. 
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Tramways and their Working. 
TRAMWAYS: their CONSTRUCTION and WORKING. 
Containing a Comprehensive History of the System; an exhaus- 
tive Analysis of the Various Modes of Traction, including Horse 
Power, Steam, Ifeated Water, and Compressed Air; a Description 
of the varieties of Kolling Stock ; and ample Details of Cost and 
Working Expenses, with Special Reference to the Tramways of the 
United Kingdom. By D. KINNEAR CLark, M.1I.C. E., Author 
of ‘ Railway Machinery,’ &c., in one vol. 8vo, with numerous IIlus- 
trations and thirteen folding Plates, 18s. cloth. 

** All interested in tramways must refer to it, as all ralway engineers have turned 
to the author’s work ‘ Railway Machinery.’ ”"—TZhe Engineer. 

‘¢ Mr. Clark’s book is indispensable for the students of the subject."~-7he Builder 

‘* An exhaustive and practical work on tramways, in which the history of this 
kind of locomotion, and a description and cost of the various modes of laying tram- 
ways, are to be found.”— Building News. 

Pioneer Engineering. 

PIONEER ENGINEERING. A Treatise on the Engineering 
Operations connected with the Settlement of Waste Lands in New 
Countries. By Epwarp Dosson, Assoc. Inst. C.E., Author of 
‘The Art of Building,” &c. With numerous Plates and Wood 
Engravings, Second edition, carefully revised, 12mo, 5s. cloth. 
‘A workmanlike production, and one without possession of which no man should 
start to encounter the duties of a pioneer engineer "—vl *henceum. 
‘There is much in the book to render it very useful to an engineer proceeding to 
the colonies, "—~ Engineer, 
Steam Engine. 
TEXT-BOOkK ON THE STEAM ENGINE. By T. M. 
GOODEVE, M.A., Barrister-at-Law, Author of ‘‘ The Principles 
of Mechanics,” ‘‘The Elements of Mechanism,” &c. Second 
Edition. With numerous Illustrations. Crown 8vo, 65. cloth. 
‘* Professor Goodeve has given us a treatise on the steam engine, which will bear 
comparison with anything written by Huxley or Maxwell, and we can award it no 
higher praise."—Augineer. : 
‘* Mr. Goodeve’s text-book is_a work of which every young engineer should pos- 
sess himself.”"—Mining Fournal. 

Steam. 

THE SAFE USE OF STEAM: containing Rules for Unpro- 
fessional Steam Users: Byan ENGINEER. 4th Edition. Sewed, 6d. 


** If steam-users would but learn this little book by heart, boiler explosions would 
become sensations by their rarity."—Englssh Mechanic. 


Iron Bridges, Girders, Roofs, &c. 
A TREATISE ON THE APPLICATION OF IRON 
TO THE CONSTRUCTION OF BRIDGES, GIRDERS, 
ROOFS, AND OTHER WORKS. By FRAncis Campin, C.E, 
Second Edition, Revised and Corrected. 12mo, 3s. cloth. 

‘For numbers of young engineers the book is just the cheap, handy, first guide 
they want.” —Middlesborough Weekly News. ; 
Construction of [ron Beams, Pillars, ie. 


IRON AND HEAT ; exhibiting the Principles concerned in the 
construction of Iron Beams, Pillars, and Bridge Girders, and the 
Action of Heat in the Smelting Furnace. By JAMES ARMOUR, C.E. 
Woodcuts, 12mo, cloth boards, 3.. 


‘A very useful and thoroughly practical little volume, in every way deserving of 
circulation amongst working a eae: ge Journal, : . 
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Oblique Arches. 
A PRACTICAL TREATISE ON THE CONSTRUCTION of 
OBLIQUE ARCHES. By JoHN Hart. Third Edition, with 
Plates. Imperial 8vo, 8s. clo 

Oblique Bridges. 
A PRACTICAL and THEORETICAL ESSAY on OBLIQUE 
BRIDGES, with 13 large Plates. By the late Gto. WaTson 
Buck, M.1.C.E. Third Edition, revised by his Son, J. H. WATSON 
Buck, M.1I.C.E. ; and with the addition of Descnption to Dia- 
grams for Facilitating the Construction of Oblique Bridges, by 
W. H. BARLow,M.I1.C.E. Royal 8vo, 12s.cloth. [Fust published. 

‘*The standard text book for all engineers regarding skew arches is Mr. Buck’s 

treatise and it would be impossible to consult a better.” —Angineer. 

Gas and Gasworks. 
THE CONSTRUCTION OF GASWORKS}]T AND THE 
MANUFACTURE AND DISTRIBUTION OF COAL-GAS. 
Originally written by SAMUEL HUGHES, C.E. Sixth Edition. 
Re-written and much Enlarged, by WILLIAM RICHARDS, C.E. 
With 72 Woodcuts. 12mo, 5s. cloth boards. [Fust published. 


Waterworks for Cities and Towns. 
WATERWORKS for the SUPPLY of CITIES and TOWNS, 
with a Description of the Principal Geological Formations of 
England as influencing Supplies of Water. By SAMUEL HUGHES, 
C.E. New and enlarged edition, 12mo, 45. 6d. cloth. 


Locomotive-Engine Driving. 
LOCOMOTIVE-ENGINE DRIVING ; a Practical Manual for 
Engineers in charge of Locomotive Engines. By MICHAEL 
REYNOLDS, M.S.E., formerly Locomotive Inspector L. B. and 
S. C. R. Fourth Edition, greatly enlarged. Comprising A 
KEY TO THE LOCOMOTIVE ENGINE. With Illustra- 
tions and Portrait of Author. Crown 8vo, 4s. 6d. cloth. 
‘* Mr. Reynolds deserves the title of the engine driver's friend.” —Razlzway News. 
‘Mr. Reynolds has supplied a want, and has supplied it well. We can confidently 
recommend the book not only to the practical driver, but to every one who takes an 
interest in the performance of locomotive engines.” —Lxgineer. 
w ‘Mr, Reynolds has opened a new chapter in the hterature of the day. This 
admirable practical treatise, of the practical utility of which we have to speak in 
terms of warm commendation."—A theneunt. . 
The Engineer, Fireman, and Engine-Boy. 
THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, 
AND ENGINE-BOY: comprising a Historical Notice of the _ 
Pioneer Locomotive Engines and their Inventors, with a project 
for the establishment of Certificates of Qualification in the Running 
Service of Railways. By MICHAEL REYNOLDS, Author of 
‘* Locomotive-Engine Driving.’”’ With Illustrations, and Portrait 
of George Stephenson. Crown 8vo. 45. 6d. cloth. 
** From thGechnical knowledge of the author it will appeal to the railway manof .~ 
to-day more forcibly than anything written by Dr. Smiles.”—Auglish Mechanic. 
“We should be glad to see this book in the possession of every one in the king- 
dom who has ever Bid, or is to lay, hands on a ocomotive engine” —Jron. 
Stationary Engine Driving. 
. STATIONARY ENGINE DRIVING. By M. REyNoLps, 
Author of *‘ Locomotive Engine Driving,” [Jn the press. 
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Fire Engineering. 

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. With 
a History of Fire-Engines, their Construction, Use, and Manage- 
ment ; Remarks on Fire-Proof Buildings, and the Preservation of 
Life from Fire; Statistics of the Fire Appliances in English 
Towns ; Foreign Fire Systems ; Hints on Fire Brigades, &c., &c. 
By Cuares F. T. Youne, C.E. With numerous Illustrations, 
handsomely printed, 544 pp., demy 8vo, 17. 45. cloth. 


‘** We can most heartily commend this book.” ——Zingineering. 

‘Mr. Young’s book on ‘Fire Engines and Fire Brigades’ contains a mass of 
information, which has been collected from a variety of sources. The subject is so 
intensely interesting and useful that it demands consideration.”—~ Building News. 


Trigonometrical Surveying. 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geo- 
graphical and Topographical Maps and Plans, Military Recon- 
naissance, Levelling, &c., with the most useful Problems in Geodesy 
and Practical Astronomy. By LiguT.-GEN. FRomg#, R.E., late In- 
spector-General of Fortifications. Fourth Euition, Enlarged, and 
partly Re-written. By CAPTAIN CHARLES WARREN,R.E. With 
19 Plates and 115 Woodcuts, royal 8vo, 165. cloth. 


Tables of Curves. 


TABLES OF TANGENTIAL ANGLES and MULTIPLES 
for setting out Curves from 5 to 200 Radius. By ALEXANDER 
BEAZELEY, M. Inst. C.E. Second Edition. Printed on 48 Cards, 
and sold in a cloth box, waistcoat-pocket size, 3s. 6d. 

‘“¢ Rach table is printed ona small card, which, being placed on the theodolite, leaves 


the hands free to manipulate the instrument—no small advantage as regards the rapidity 
of work.” —Engineer. 

** Very handy ; a man may know that all his day’s work must fall on two of these 
cards, which he puts into his own card-case, and leaves the rest behind.”— 
sl theneum. 


Engineering Freldwork. 


THE PRACTICE OF ENGINEERING FIELDWORK, 
applied to Land and Hydraulic, Hydrographic, and Submarine 
Surveying and Levelling. Second Edition, revised, with consider- 
able additions, anda Supplement on WATERWORKS, SEWERS, 
SEWAGE, and IRRIGATION. By W. Davis HaskoLt, C.E. 
Numerous folding Plates. In One Volume, demy 8vo, 1/. 5s., 
cloth boards. 


Large Tunnel Shafts. 


THE CONSTRUCTION OF LARGE TUNNEL SHAFTS. 
A Practical and Theoretical Essay. By J. H. Watson Buck, 
M. Inst. C.E., Resident Engineer, London and North-Western 
Railway, Illustrated with Folding Plates. Royal 8vo, 12s. 
cloth. [Fuse published, 
@ ‘Many of the methods given are of extreme practical value to the n, and the 
observations on the form of arch, the rules for ordering the stone, and the construc- 
tion of the templates, will be found of considerable use. We commend the book to 
the engineering profession, and to all who have to build similar shafts.”"—Buddding 


News. 
“ Will be regarded by civil engineers as of the utmost value, and calculated to save 
much time and obviate many mistakes.”=—-Colliery Guardian. 
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Survey Practice. 
AID TO SURVEY PRACTICE: for Reference in Surveying, 
Levelling, Setting-out and in Route Surveys of Travellers by Land 
and Sea. With Tables, Illustrations, and Records. By Lows 
D’A. Jackson, A-M.I.C.E. Author of ‘‘ Hydraulic Manual and 
Statistics,” ‘‘ Canal and Culvert Tables,” &c, Large crown, 8vo, 
12s. 6d., cloth. [Fst published. 


** Mr. Jackson has produced a valuable vade-mecum for the surveyor. We can 
recommend this book as containing an admirable supplement to the teaching of the 
accomplished surveyor.”—A theneum. 

** A general text book was wanted, and we are able to speak with confidence of 
Mr. Jackson’s treatise. . . . We cannot recommend to the student who knows 
something of the mathematical principles of the subject a better course than to forti 
his practice in the field uuder a competent surveyor with a study of Mr. Jackson’s 
useful manual. The field records illustrate every kind of survey, and will be found 
an essential aid to the student.”’—Buzlding News. 

“‘The author brings to his work a fortunate union of theory and practical expe- 
rience which, aided by a clear and lucid style of writing, renders the book both a very 
useful one and very agreeable to read.” —Auzlder. 


Sanetary Work. 
SANITARY WORK IN THE SMALLER TOWNS AND 
IN VILLAGES. Comprising :—1. Some of the more Common 
Forms of Nuisance and their Remedies ; 2. Drainage; 3. Water 
Supply. By Cuas, SLAGG, Assoc. Inst. C.E. Crown 8vo, 3s. cloth. 
**A very useful book, and may be safely recommended. The author has had 
practical experience in the works of which he treats.”—Builder. 
Locomotives. 
LOCOMOTIVE ENGINES, A Rudimentary Treatise on. Com- 
prising an Historical Sketch and Description of the Locomotive 
Engine. By G. D. Dempsey, C.E. With large additions treat- 
ing of the MODERN LOCOMOTIVE, by D. KINNEAR CLARK, C.E., 
M.1.C.E., Author of “Tramways, their Construction and Working,” 
&c., &c. With numerous Illustrations. 12mo. 3s. 6d. cloth boards. 
“The student cannot fail to profit largely by adopting this as his preliminary text- 
book.”—-J/ron and Coal Trades Review. 
** Seems a model of what an elementary technical book should be,.”—Acadenty, 
Fuels and their L£:conomy. 
FUEL, its Combustion and Economy ; consisting of an Abridg- 
ment of ‘‘A Treatise on the Combustion of Coal and the Prevention 
of Smoke.” By C. W. Wittiams, A.I.C.E. With extensive 
additions on Recent Practice in the Combustion and Economy of 
Fuel—Coal, Coke, Wood, Peat, Petroleum, &c.; by D. KIn- 
NEAR CLARK, C.E., M.I.C.E. Second Edition, revised. With 
numerous Illustrations. 12mo. 4s. cloth boards. [ust published. 


‘** Students should buy the book and read it, as one of the most complete and satis- 
factory treatises on the combustion and economy of fuel to be had.” —Zngineer. 


Roads and Streets. 
THE CONSTRUCTION OF ROADS AND STREETS. In 
Two. Parts. I. The Art of Constructing Common Roads. By 
HeNwy Law, C.E. Revised and Condensed by D. KINNEAR 
CLARK, C.E.—II. Recent Practice in the Construction of Roads 
and Streets: including Pavements of Stone, Wood, and Asphalte. 
By D. KINNEAR CLARK, C.E., M.I.C.E. 12mo, 5s. cloth. 

‘* A book which every borough surveyor and engineer must possess, and which will 
be of considerable service to architects, builders, and property owners generally. "—~ 
Butlaing News. 


PUBLISHED BY CROSBY LOCKWOOD & CO. 9 


Field-Book for Engineers. 
THE ENGINEER’S, MINING SURVEYOR’S, and CON- 
TRACTOR’S FIELD-BOOK. By W. Davis Hasxott, C.E. 
Consisting of a Series of Tables, with Rules, Explanations of 
Systems, and Use of Theodolite for Traverse Surveying and Plotting 
the Work with minute accuracy by means of Straight Edge and Set 
Square only; Levelling with the Theodolite, Casting out and Re- 
ducing Levels to Datum, and Plotting Sections in the ordinary 
manner; Setting out Curves with the Theodolite by Tangential 
Angles and Multiples with Right and Left-hand Readings of the 
Instrument; Setting out Curves without Theodolite on the System 
‘of Tangential Angles by Sets of Tangents and Offsets; and Earth- 
work Tables to 80 feet deep, calculated for every 6 inches in depth. 
With numerous woodcuts. 4th Edition, enlarged. Cr. 8vo. 125. cloth. 
‘* The book is very handy, and the author might have added that the separate tables 
of sines and tangents to every minute will make it useful for many other purposes, the 
genuine traverse tables existing all the same.” —A theneum. 
‘The work forms a handsome pocket volume, and cannot fail, from its portability 


and utility, to be extensively patronised by the engineering profession.” —J/ining 
Sournal, 


Earthwork, Measurement and Calculation of. 


A MANUAL on EARTHWORK. By AteEx. J. S. GRAHAM, 
C.E., Resident Engineer, Forest of Dean Central Railway. With 
numerous Diagrams. 18mo, 25, 6d. cloth. : 

** As a really handy book for reference, we know of no work equal to it; and the 
railway engineers and others employed in the measurement and calculation of earth- 
work will find a great amount of practical information very admirably arranged, and 
available for general or rough estimates, as well as for the more exact calculations 
required in the engineers’ contractor’s offices.”"—A rtizan. 


Drawing for Engineers, &'e. 


THE WORKMAN’S MANUAL OF ENGINEERING 
DRAWING. By JoHN Maxton, Instructor in Engineering 
Drawing, Royal Naval College, Greenwich, formerly of R.S, N.A., 
South Kensington. Third Edition, carefully revised. With upwards 
of 300 Plates and Diagrams, 12mo, cloth, strongly bound, 4s, 


** A copy of it should be kept for reference in every drawing office,” —Engineering . 


‘* Indispensable for teachers of engieering drawing.”——Mechanics’ Magasine, 


Wealés Dictionary of Terms. 


A DICTIONARY of TERMS used in ARCHITECTURE, 
BUILDING, ENGINEERING, MINING, METALLURGY, 
ARCHAZOLOGY, the FINE ARTS, &c. By JoHN WEALE. 
Fifth Edition, revised and corrected by ROBERT Hunt, F.R.S., 
Keeper of Mining Records, Editor of ‘* Ure’s Dictionary of Arts,” 
&c. 12mo, cloth boards, 6s. 


‘* The best small technological dictionary in the language.” —A rchitect. 

‘There is no need now to speak of the excellence of this work ; it received the ap- 
eprovmb of the community long ago. Edited now by Mr. Robert Huntygnd published 
in a cheap, handy form, it will be of the utmost service as a book of ref€rence scarcely 
to be exceeded in value.” —Scotsman, ; 

‘The absolute accuracy of a work of this character can only be judged of after 
extensive consultation, and from our examination it appears very correct and very 
complete,"~-~Mining Fournal. 
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MINING, METALLURGY, ETC. 


e aa 
Metalliferous Minerals and Mining. 


A TREATISE ON METALLIFEROUS MINERALS AND 
MINING. By D.C. Davigs, F.G.S., author of ‘‘ A Treatise on 
Slate and Slate Quarrying.” With numerous wood engravings. 
Second Edition, revised. Cr. 8vo, 125. 6d. cloth. [zest published. 
“Without question, the most exhaustive and the most practical y useful work we 
have seen ; the amount of information given 1s enormous, and it is given concisely 
and intelligibly.”— Mining Fournad, 


The volume is one which no student of mineralogy should be without.”—Col/iery 
Guardian. 


“The author has gathered together from all available sources a vast amount of 
really useful information. As a history of the present state of mining throughout 
the world this book has a real value, and it supplies an actual want, for no such infor- 
mation has hitherto been brought together within such limited space.” —A ¢heneuzt. 


Slate and Slate Quarrying. 


A TREATISE ON SLATE AND SLATE QUARRYING, 
Scientific, Practical, and Commercial. By D. C. Davigs, F.G.S., 
Mining Engineer, &c. With numerous Illustrations and Folding 
Plates. Second Edition, carefully revised. 12mo, 35. 6¢. cloth boards. 
‘*Mr. Davies has written a useful and practical hand-book onan important industry, 

with all the conditions and details of which he appears familiar.”"—Engineering. 
‘©The work is illustrated by actual practice, and 1s unusually thorough and lucid. 

» « « Mr. Davies has completed his work with industry and skill.”—Bzslder. 


Metallurgy of Iron. 
A TREATISE ON THE METALLURGY OF IRON: con- 
taining Outlines of the History of Iron Manufacture, Methods of 
Assay, and Analyses of Iron Ores, Processes of Manufacture of 
Tron and Steel, &c. By H. BAUERMAN, F.G.S., Associate of the 
Royal School of Mines. With numerous Illustrations. Fourth 
Edition, revised and much enlarged. 12mo, cloth boards, §s. 

** Has the merit of brevity and conciseness, as to less important points, while all 
material matters are very fully and thoroughly entered into,”—Sz ra. 
Manual of Mining Tools. 

MINING TOOLS. For the use ot Mine Managers, Agents, 
Mining Students, &c. By WILLIAM MorGANs, Lecturer on Prac- 
tical Mining at the Bristol School of Mines. Volume of Text. 
12mo, 3s. With an Atlas of Plates, containing 235 Illustrations. 
4to, 6s. Together, 9s. cloth boards. 

“Students in the Science of Mining, and Overmien, Captains, Managers, and 
Viewers may gain practical knowledge and useful hints by the study of Mr, 
Morgans’ Manual.”—Colhery Guardian, ; 

Mining, Surveying and Valuing. 
THE MINERAL SURVEYOR AND VALUER’S COM. 
PLETE GUIDE, comprising a Treatise on Improved Mining 
Surveying, with new Traverse Tables; and Descriptions of Im- 
proved Instruments ; also an Exposition of the Correct eae 5a 
of Laying out and Valuing Home and Foreign Iron and Coal 
Mineral,Properties. By WILLIAM LINTERN, Mining and @ivils 
Engineer. With four Plates of Diagrams, Plans, &c., 1zmo, 4s. cloth. 


*¢ Contains much valuable information given in a_small compass, and which, as far 
as we have tested it, is thoroughly trustworthy.”—Jron and Coal Trades Review. 


*," The above, bound with THOMAN’s TABLES. (See page 20.) 
Price 7s. 6a. cloth, 
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Coal and Coal Mining. ? ; 
COAL AND COAL MINING: a Rudimentary Treatise on. By 
WARINGTON W. SMyTH, M.A., F.R.S., &c., Chief Inspector 
of the Mines of the Crown. New edition, revised and corrected. 
Izmo, with numerous Illustrations, 4s. cloth boards. 

‘*Every portion of the volume appears to have been prepared with much care, and 
as an outline is given of every known coal-field in this and other countries, as well as 
of the two principal methods of working, the book will doubtless interest a very 
large number of readers.” —~ Wining Fournal, : 

Underground Pumping Machinery. 

MINE DRAINAGE ; being a Complete and Practical Treatise 
on Direct-Acting Underground Steam Pumping Machinery, with 
a Description of a large number of the best known Engines, their 
General Utility and the Special Sphere of their Action, the Mode 
of their Application, and their merits compared with other forms 
of Pumping Machinery. By STEPHEN MICHELL, Joint-Author 
of ‘f ‘The Cornish System of Mine Drainage.” 8vo, [Jz the press. 
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ee 


Pocket Book for Naval Architects & Shipbuilders. 


THE NAVAL ARCHITECT’S AND SHIPBUILDER’S 
POCKET BOOK OF FORMULAL, RULES, AND TABLES 
AND MARINE ENGINEER’S AND SURVEYOR’S HANDY 
BOOK OF REFERENCE, By CLEMENT MackKrRow, Naval 

- Draughtsman, Associate of the Institution of Nava] Architects. 
With numerous Diagrams, &c. Fcap., strongly bound in leather, 
with elastic strap for pocket, 125. 6a. 

‘Should be used by all who are engaged in the construction or design of vessels.” 
—fugineer. 

‘« There 1s scarcely a subject on which a naval architect or shipbuilder can require 
to refresh his memory which will not be found within the covers of Mr. Mackrow’s 
book.” —Zuglish Mechanix. 

‘Mr. Mackrow has compressed an extraordinary amount of information into this 
useful volume.” thenccunz. 


Grantham's Lron Ship-Buelding. 
ON IRON SHIP-BUILDING ; with Practical Examples and 
Details. Fifth Edition. Imp. 4to, boards, enlarged from 24 to 40 
Plates (21 quite new), including the latest Examples, Together 
with separate Text, also considerably enlarged, 12mo, cloth limp. 


By JOHN GRANTHAM, M. Inst. C.E., &c. 2/. 25. complete. 

‘* Mr. Grantham’s work is of great interest. It will, we are confident, command an 
extensive circulation among shipbuilders in general. By order of the Board of Admi- 
ralty, the work will form the text-book on which the examination in iron ship-building 
of candidates for promotion in the dockyards will be mainly based.” — Engineering. 


Pocket-Book for Marine Engineers. 
A POCKET-BOOK OF USEFUL TABLES AND FOR- 
MULA! FOR MARINE ENGINEERS, By Fray&k Proctor, 
A.ILN.A. Second Edition, revised and enlarged..” Royal 32mo, 


leather, gilt edges, with strap, 45. 
‘* A most useful companion to all marine engineers.” — United Service Gasette, 
“‘Scarcely anything required by a naval engineer appears to have been for- 
gotten, ”"—/ror. : 
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Light-Flouses. 


EUROPEAN LIGHT-HOUSE SYSTEMS ; being a Report of 
a Tour of Inspection made in 1873. By Major Georce H. 
ELLioT, Corps of Engineers, U.S.A. Illustrated by 51 En- 
gravings and 31 Woodcuts in the Text. S8vo, 215. cloth. 


Surveying (Land and Marine). 
LAND AND MARINE SURVEYING, in Reference to the 
Preparation of Plans for Roads and Railways, Canals, Rivers, 
Towns’ Water Supplies, Docks and Harbours ; with Description 
and Use of Surveying Instruments. By W. Davis HAsKOLlL, C.E. 
With 14 folding Plates, and numerous Woodcuts. 8vo, 125. 6d. cloth. 
‘*A most useful and well arranged book for the aid of a student.” —Bxilder, 


‘Of the utmost practical utility, and may be safely recommended to all students 
who aspire to become clean and expert surveyors.” —Mining Fournal. 


Storms. 
STORMS: their Nature, Classification, and Laws, with the 


Means of Predicting them by their Embodiments, the Clouds. 
By WILLIAM BLAsivs. Crown 8vo, ros. 6d. cloth boards. 


Rudimentary Navigation, 
THE SAILOR’S SEA-BOOK: a Rudimentary Treatise on Navi- 
gation. By JAMES GREENWOOD, B.A. New and enlarged edition. 
By W. H. RossER. 12mo, 3s. cloth boards. 


Mathematical and Nautical Tables. 


MATHEMATICAL TABLES, for Trigonometrical, Astronomical, 
and Nautical Calculations; to which is prefixed a Treatise on 
Logarithms. By HENRy Law, C.E. Together with a Series of 
Tables for Navigation and Nautical Astronomy. By J. R. 
Youns, formerly Professor of Mathematics in Belfast College. 
New Edition. 12mo0, 4s. cloth boards. 


Navigation (Practical), weth Tables. 
PRACTICAL NAVIGATION : consisting of the Sailor’s Sea- 
Book, by JAMES GREENWOOD and W. H. Rosser ; together 
with the requisite Mathematical and Nautical Tables for the Work- 
ing of the Problems. By HENRY Law, C.E., and Professor 
J. R. Younc. Illustrated with numerous Wood Engravings and 
Coloured Plates. 12mo, 7s. strongly half bound in leather. 





WEALE’S RUDIMENTARY SERIES. 


The following books in Naval Architecture, etc., are published in the 
above sertes. 
MASTING, MAST-MAKING, AND RIGGING OF SHIPS. By 
Rozsert KippinG, N.A. Fourteenth Edition. 12mo, 2s. 6d. cloth. 
SAILS AND SAIL-MAKING. Tenth Edition, enlarged. By ROBERT 
Kipringy:, N.A. Illustrated, 12mo, 3s. cloth boards. ae 
NAVAL AKCHITECTURE. By JAMES PEAKE. Fourth Edition, 
with Plates and Diagrams. 12mo, 4s. cloth boards. « 
MARINE ENGINES, AND STEAM VESSELS. By RosBErtT 
Murray, C.E. Seventh Edition. 12mo, 3s. 6d. cloth boards. 
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Construction. —e 


THE SCIENCE of BUILDING: An Elemen Treatise on 

the Principles of Construction. By E. WYNDHAM TARN, M.A., 

Architect. With 47 Wood Engravings. Demy 8vo. 8s. 6d. cloth. 
** A very valuable book, which we strongly recommend to all students.” —Busider. 
** No architectural student should. be without this hand-book.”—Architect, 


Villa Architecture. 


A HANDY BOOK of VILLA ARCHITECTURE ; a a 
Series of Designs for Villa Residences in various Styles. ith 
Detailed Specifications and Estimates. By C, Wickes, Architect, 
Author of *‘ TheSpiresand Towersof the Medizval Churches of Eng- 
land,” &c. 31 Plates, 4to, half morocco, gilt edges, 12. Iy. 

*,* Also an Enlarged edition of the above. 61 Plates, with Detailed 

Specifications, Estimates, &c. 2/, 2s. half morocco. 


‘“*The whole of the designs bear evidence of their being the work of an artistic 
architect, and they will prove very valuable and suggestive.”—Buslding News. 


Useful Text-Book for Architects. 


THE ARCHITECT'S GUIDE: Being a Text-book of Useful 
Information for Architects, Engineers, Surveyors, Contractors, 
Clerks of Works, &c., &c. By FREDERICK Rocers, Architect, 
Author of ‘‘Specifications for Practical Architecture,” &c. With 
numerous Illustrations. Crown 8vo, 6s. cloth. 

**As a text-book of useful information for architects, engineers, surveyors, &c., it 
would be hard to find a handier or more complete little volume.”—S¢andard. 
Laylor and Cresy's Rome. 

THE ARCHITECTURAL ANTIQUITIES OF ROME. By 
the late G. L. TAYLOR, Esq., F.S.A., and EDWARD CREsy, Esq. 
New Edition, thoroughly revised, and supplemented under the 
editorial care of the Rev. ALEXANDER TAYLOR, M.A. (son of 
the late G. L. Taylor, Esq.), Chaplain of Gray’s Inn. This is 
the only book which gives on a large scale, and with the precision 
of architectural measurement, the principal Monuments of Ancient 
Rome in plan, elevation, and detail. Large folio, with 130 Plates, 
half-bound, 34. 3s. 
*,* Originally published in two volumes, folio, at 182. 185. 


Vitruvius Architecture. 
THE ARCHITECTURE OF MARCUS VITRUVIUS 
POLLIO. Translated by JoserH Gwitt, F.S.A, F.RAS. 
Numerous Plates. 12mo, cloth limp. 5s. 


The Young Architect's Book. 
HINTS TO YOUNG ARCHITECTS. By Grorcrt WIicutT- 
wick, Architect. New Edition, revised and enlarged. By G. 
HUuSKISSON GUILLAUME, Architect. 12mo, cloth boards, 45. 
“Will be found an acquisition to pupils, and a copy ought to be considered as 
necessary a purchase as a box of instruments.” —A rchztect. 
ewe rge amount of information, which young architects will do wellgo acquire, if 
they wish to succeed in the everyday work of their proferion.”— ng Mechanic. 
Drawing for Builders and Students. | 
PRACTICAL RULES ON DRAWING for the OPERATIVE 
BUILDER and YOUNG STUDENT in ARCHITECTURE. 
By GEORGE PyNE. With 14 Plates, yto, 75. 6d. boards, 
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Lhe House-Owner’s Estimator. 
THE HOUSE-OWNER’S ESTIMATOR; or, What will it 
Cost to Build, Alter, or Repair? A Price-Book adapted to the 
Use of Unprofessional People as well as for the Architectural 
Surveyor and Builder. By the late Jamzes D. SIMON, A.R.I.B.A. 
Edited and Revised by FRaANcis T. W. MILLER, Surveyor. With 
numerous Illustrations. Second Edition, with the prices carefully 
corrected to present time. Crown 8vo, cloth, 3s. 6d. 
‘* In two years it will repay its cost a hundred times over.”—-Field. 
“A very handy book for shee who want to know what a house will cost to build, 
alter, or repair.” —LEnglish Mechanic. 


Bowler and Factory Chimneys. 
BOILER AND FACTORY CHIMNEYS ; their Draught-power 
and Stability, with a chapter on Lightning Conductors. By ROBERT 
‘WILSon, C.E., Author of ‘* Treatise on Steam Boilers,” &c., &c. 
Crown 8vo, 3s. 6d. cloth. 


Czvil and Ecclesiastical Building. 
A BOOK ON BUILDING, CIVIL AND ECCLESIASTICAL, 
Including CHURCH RESTORATION. By Sir EDMUND BECKETT, 
Bart., LL.D., Q.C., F.R.A.S., Chancellor and Vicar-General 
of York. Author of ‘‘Clocks and Watches and Bells,” &c. 
Second Edition, 12mo, 5s. cloth boards. 

** A book which 1s always amusing and nearly always instructive. Sir E. Beckett 
will be read for the raciness of his style. Weare able very cordially to recemmend 
all persons to read it for themselves. The style throughout is in the highest degree 
condensed and epigrammatic.” —Zimes. 

** We commend the book to the thoughtful consideration of all who are interested 
in the building art.” —Buzlder. 


Architecture, Ancient and Modern. 
RUDIMENTARY ARCHITECTURE, Ancient and Modern, 
Consisting of VITRUVIUS, translated by JoszPH GwILT, 
F.S.A., &c., with 23 fine copper plates; GRECIAN Archi- 
tecture, by the EarL of ABERDEEN; the ORDERS of 
Architecture, by W. H. LEEDs, Esq.; The STYLES of Archi- 
tecture of Various Countries, by T. TatsoT Bury; The 
PRINCIPLES of DESIGN in Architecture, by E. L. GARBETT. 
In one volume, half-bound (pp. 1,100), copiously illustrated, 125, 

*,” Sold separately, in two vols., as follows— 
ANCIENT ARCHITECTURE. Containing Gwilt’s Vitruvius 
and Aberdeen’s Grecian Architecture. Price 6s. half-bound. 
N.B.— Zhes ts the only edition of VITRUVIUS procurable at a 
moderate price. 
MODERN ARCHITECTURE. Containing the Orders, by Leeds ; 
The Styles, by Bury; and Design, by Garbett. 65. half-boynd. 


Flouse Painting. 
HOUSE PAINTING, GRAINING, MARBLING, AND 
SIGN WRITING: a Practical Manual of. With 9 Cehiund 
Plates:pf Woods and Marbles, and nearly 150 Wood ne 
By Eris A. DAvipson, Author of ‘* Building Construction,” &c. 
Second Edition, carefully revised. r12mo, 6s. cloth boards. 


‘* Contains a mass of information of use to the amateur and of value to the practical 
"— English Mechanic. 
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Plumbing. | 
PLUMBING; aText-book to the Practice of the Art or Craft of the 
Plumber. With chapters upon House-drainage, embodying the 
latest Improvements. By W. P. BUCHAN, Sanitary Engineer. 
Second Edition, enlarged, with 300 illustrations, 12mo. 4s. cloth. 


‘* The chapters on house-drainage may be usefully consulted, not only by plumbers, 
but also by engineers and all engaged or interested in house-building.”—Jvon. 


Handbook of Specifications, 

THE HANDBOOK OF SPECIFICATIONS  ; or, Practical 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing 
up Specifications and Contracts for Works and Constructions. 
Illustrated by Precedents of Buildings actually executed by eminent 
Architects and ge eg By Professor THomas L. DONALD- 
SON, M.I.B.A. ew Edition, in One large volume, 8vo, with 
upwards of 1000 pages of text, and 33 Plates, cloth, 1/. 115. 6d. 


**In this work forty-four specifications of executed works are given. . . . Donald- 
son’s Handbook of Specifications must be bought by all architects.”"—Builder. 


Specifications for Practiual Architecture, 


SPECIFICATIONS FOR PRACTICAL ARCHITECTURE: 
A Guide to the Architect, Engineer, Surveyor, and Builder; with 
an Essay on the Structure and Science of Modern Buildings. By 
FREDERICK ROGERS, Architect. 8vo, 15s. cloth. 

*,.* A volumeof specifications ofa practical character being greatly required, and the 
old standard work of Alfred Bartholomew being out of print, the author, on the basis 
of that work, has produced the above.—L£xtract from Preface, 

Designing, Measuring, and Valuing. 

THE STUDENT’S GUIDE to the PRACTICE of MEA. 
SURING and VALUING ARTIFICERS’ WORKS; containing 
Directions for taking Dimensiqns, Abstracting the same, and bringing 
the Quantities into Bill, with Tables of Constants, and copious 
Memoranda for the Valuation of Labour and Materials in the re- 
spective Trades of Bricklayer and Slaier, Carpenter and {oer 
Painter and Glazier, Paperhanger, &c. With 43 Plates and Wood- 
cuts. Originally edited by EDWARD Dosson, Architect. New 
Edition, re-written, with Additions on Mensuration and Construc- 
tion, and useful Tables for facilitating Calculations and Measure- 
ments, By E. WYNDHAM TARN, M.A., 8vo, Ios. 6a. cloth. 


** Well fulfils the promise of its title-page. Mr. Tarn’s additionsand revisions have 
much increased the usefulness of the work.” —LZngineering. 


Beaton’s Pocket Estimator. 
THE POCKET ESTIMATOR FOR THE BUILDING 
TRADES, being an easy method of cree the various parts 
of a Building collectively, more especially applied to Carpenters’ 
and Joiners’ work, priced according to the present value of material 
and labour. By A. C. BEATON, Author of ‘‘ Quantities and 
Measurements.’? Second Edition. Waistcoat-pocket size. 15, 64. 


Beaton’s Builders and Surveyors Technical Guide. 
; @aiE POCKET TECHNICAL GUIDE AND MEASURER 
FOR BUILDERS ‘AND SURVEYORS: containingff Complete 
Explanation of the Terms used in Building Con on, Memo- 
randa for Reference, Technical Directions for Me Work in 
all the Building Trades, &c. By A. C. BEATON. Second Edit. 
Waistcoat-pocket size. Is, 6d, 
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Builder's and Contractor's Price Book. 


LOCKWOOD & CO.’S BUILDER’S AND CONTRA€TOR’S 
PRICE BOOK for 1880, containing the latest prices of all kinds 
of Builders’ Materials and Labour, and of all Trades connected 
with Building, &c., &c. The whole revised and edited by 
F. T. W. MILLER, Architectand Surveyor. Fcap. half-bound, 45, 





CARPENTRY, TIMBER, ETC. 


eee 


Tredgold’s Carpentry, new and cheaper Edition. 
THE ELEMENTARY PRINCIPLES OF CARPENTRY : 
a Treatise on the Pressure and Equilibrium of Timber Framing, the 
Resistance of Timber, and the Construction of Floors, Arches, 
Bridges, Roofs, Uniting Iron and Stone with Timber, &c. ‘To which 
is added an Essay on the Nature and Properties of Timber, &c., 
with Descriptions of the Kinds of Wood used in Building ; also 
numerous Tables of the Scantlings of Timber for different purposes, 
the Specific Gravities of Materials, &c. By THomMAS TREDGOLD, 
C.E. Edited by PETER Bartow, F.R.S. Fifth Edition, cor- 
rected and enlarged. With 64 Plates (11 of which now first appear 
in this edition), Portrait,of the Author, and several Woodcuts. In 
1 vol., gto, published at 2/. 2s., reduced to 1/. 5s. cloth. 
** Ought to be in every architect’s and every builder’s library, and those who 
do not already possess it ought to avail themselves of the new issue.” —Buzlder. 
“*A work whose monumental excellence must commend it wherever skilful car- 
pentry is concerned, The Author’s principles are rather confirmed than impaired by 
time. The additional plates are of great intrinsic value.”—Buslaing News. 


Grandy’s Timber Tables. 
THE TIMBER IMPORTER’S, TIMBER MERCHANT’S, 
and BUILDER’S STANDARD GUIDE. By RIcHARD E, 
GRANDY. Comprising :—An Analysis of Deal Standards, Home 
and Foreign, with comparative Values and Tabular Arrangements 
for Fixing Nett Landed Cost on Baltic and North American Deals, 
including all intermediate Expenses, Freight, Insurance, &c., &c. ; 
together with Copious Information for the Retailer and Builder. 
2nd Edition. Carefully revised and corrected. 12mo, 35. 64. cloth. 
“* Everything it pretends to be: built up gradually, it leads one from a forest toa 


treenail, and throws in, as a makeweight, a host of material say bricks, columns, 
cisterns, &c.—all that the class to whom it appeals requires.”—Ainglish Mechanic. 


Timber Freight Book. 
THE TIMBER IMPORTERS’ AND SHIPOWNERS’ 
FREIGHT BOOK: Being a Comprehensive Series of Tables for 
the Use of Timber Importers, Captains of Ships, Shipbrokers, 
Builders, and all Dealers in Wood whatsoever. By WILLIAM 
RICHARDSON, Timber Broker. Crown 8vo, 6s, cloth. 


Lables for Packing-Case Makers. . 
PACKYNG-CASE TABLES ; showing the number of Supérficial 
Feet in*-Boxes or pe, heh from six inches square and 
rants Compiled by WILLIAM RICHARDSON, Accountant. 
Second Ed-tion. Oblong 4to, 3s. 6d. cloth. 


** Will save much labour and calculation to packing-case makers and those who use 
packing-cases,”"“=—Grocer. ‘* Invaluable labour-saving tables.” —Jronmonger. 
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| Horton's Measurer. 

‘ THE COMPLETE MEASURER;; setting forth the Measure- 

! ment of Boards, Glass, &c. ; Unequal-sided, Square-sided, Oc- 
tagonal-sided, Round Timber and Stone, and Standing Timber. 
With just allowances for the bark in the respective species of 
trees, and proper deductions for the waste in hewing the trees, 
&c.; also a Table showing the solidity of hewn or eight-sided 
timber, or of any octagonal-sided column. By RicHarp HoRTON. 
Third edition, with considerable and valuable additions, 12mo, 
strongly bound in leather, 55. 


Horton's Underwood and Woodland Tables. 


TABLES FOR PLANTING AND VALUING UNDER: 
WOOD AND WOODLAND ; also Lineal, Superficial, Cubical, 
and Decimal Tables, &c. By R. HORTON. 12mo, 2s, leather. 


Nicholson's Carpenter's Guide. 
THE CARPENTER’S NEW GUIDE; or, BOOK of LINES 
for CARPENTERS: comprising all the Elementary Principles 
essential for acquiring a knowledge of Carpentry. Founded on the 
late PETER NICHOLSON’S standard work. <A new Edition, revised 
by ARTHUR ASHPITEL, F.S.A., together with Practical Rules on 
Drawing, by GEORGE PyNE. With 74 Plates, 4to, 1/. 15. cloth, 


Dowsing’s Timber Merchant's Companion. 

THE TIMBER MERCHANT’S AND BUILDER’S COM. 
PANION ; containing New and Copious Tables of the Reduced 
Weight and Measurement of Deals and Battens, of all sizes, from 
One to a Thousand Pieces, also the relative Price that each size 
bears per Lineal Foot to any given Price per Petersburgh Standard 
Hundred, &c., &c. Also a variety of other valuable information. 
By WILLIAM DowsInG, Timber Merchant. Third Edition, Re- 
vised. Crown 8vo, 3s. cloth. 


‘Everything is as concise and clear as it can possibly be made. There can be no 
doubt that every timber merchant and builder ought to possess it." —Aad? Advertiser. 


Practical Timber Merchant. 


THE PRACTICAL TIMBER MERCHANT, being a Guide 
for the use of Building Contractors, Surveyors, Builders, &c., 
ck ip useful Tables for all purposes connected with the 
Timber Trade, Essay on the Strength of Timber, Remarks on the 
Growth of Timber, &c. By W. RICHARDSON, Fcap, 8vo, 3s, 6d. cl, 


Woodworking Machinery. 
WOODWORKING MACHINERY ; its Rise, Progress, and 
Construction. With Hints on the Management of Saw Mills and 
the Economical Conversion of Timber. Illustrated with Examples 
of Recent Designs by leading English, French, and American 
Engineers. By M,. Powis BALE, M.I.M.E. Large crown 8vo, 
12s, 6d. cloth. [Fust published. 
>> ‘GimRale is evidently an expert on the subject, and he has collegted so much 
nformation that his book is all-sufficient for builders and others enga@f€d in the con- 
version of timber.’ —A rchitect. 
‘“‘The most comprehensive compendium of wood-working m 
seen. The author isa thorough master of his subject.” —Suilding§News. 
‘* It should be in the office of every wood-working factory.”~—-English Mechanic. 
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Mahani's Workshop Companion. | 
THE OPERATIVE MECHANIC’S WORKSHOP COM. 
PANION, and THE SCIENTIFIC GENTLEMAN’S PRAC. 
TICAL ASSISTANT. By W. TEMPLETON. 12th Edit., with 
Mechanical Tables for Operative Smiths, Millwrights, Engineers, 
&c. ; and an Extensive Table of Powers and Roots, 12mo, §s. bound. 

“* As a text-book in which mechanical and commercial demands are judiciously met, 

TEMPLETON’S COMPANION stands unrivalled.” —Jfechanics’ Magazine, 

“* Admirably adapted to the wants of a very large class. It has met with great 
success in the engineering workshop, as we can testify; and there are a great many 
men who, in a great measure, owe their rise in life to this little work.”"—-Building News. 


Engineer's and Machinist’s Assistant. 
THE ENGINEER’S, MILLWRIGHT’S, and MACHINIST'S 
PRACTICAL ASSISTANT ; comprising a Collection of Useful 
Tables, Rules, and Data. Compiled and Arranged, with Original 
Matter, by WM. TEMPLETON, Oth Edition. 18mo, 2s. 6d. cloth. 

‘**A more suitable present to an apprentice to any of the mechanical trades could not 

possibly be made, "Building News. 

Superficial Measurement. 
THE TRADESMAN’S GUIDE TO SUPERFICIAL MEA- 
SUREMENT. Tables calculated from 1 to 200 inches in length, 
by 1 to 108 inches in breadth. For the use of Architects, Engineers, 
Timber Merchants, Builders, &c. By J. HAWKINGS, Fcp, 3s. 6d, cl. 


The High-Pressure Steam Engine. 
THE HIGH-PRESSURE STEAM ENGINE; an Exposition 
of its Comparative Merits, and an Essay towards an Improved 
System of Construction, adapted especially to secure Safety and 
Economy. By Dr. ERNsT ALBAN, Practical Machine Maker, 
Plau, Mecklenberg. Translated from the German, with Notes, by 
Dr. Poe, F.R.S., M.1.C.E., &c. With 28 Plates, 8vo, 16s. 6d, cl. 


Steam Boilers. 
A TREATISE ON STEAM BOILERS : their Strength, Con- 
struction, and Economical Working. By R, Wiuson, C.E. 
Fifth Edition, 12mo, 6s. cloth. 
** The best work on boilers which has come under our notice."—ugineering. 
“The best treatise that has ever been published on steam boilers.” —Zugineer. 
Power in Motion. 
POWER IN MOTION : Horse Power, Toothed Wheel Gearing, 
Long and Short Driving Bands, Angular Forces, &c. By JAMES 
Armour, C.E. With 73 Diagrams. 1I2mo, 35., cloth. 


Mehanis. 
THE HANDBOOK OF MECHANICS. By Dionysius 
LARDNER, D.C.L., formerly Professor of Natural Philosophy and 
Astronomy in University College, London. New Edition, Baised, 
and conSderably Enlarged, by BENJAMIN LOEWY, F.R.A.S., &c., 
&c. Wite.378 Illustrations, post 8vo, 6s. cloth. 

“The explanstigys throughout aie studiously popular, and care has been taken to 
show the applicatiok. of the various branches of physics to the industrial arts, and to 
the practical business of life.” —AMining Fournal, 
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MATHEMATICS, TABLES, ETC. 


Gregory's Practical Mathematics. 


MATHEMATICS for PRACTICAL MEN ; being a Common: 
lace Book of Pure and Mixed Mathematics. Designed chiefl 
or the Use of Civil Engineers, Architects, and Surveyors. Part I. 
PURE MATHEMATICS—comprising Arithmetic, Algebra, Geometry, 
Mensuration, Trigonometry, Conic Sections, Properties of Curves. 
Part II, MixED MATHEMATICS—comprising Mechanics in general, 
Statics, Dynamics, Hydrostatics, Hydrodynamics, Pneumatics, 
Mechanical Agents, Strength of Materials. With an Appendix of 
Ss Logarithmic and other Tables. By OLINTHUS GREGORY, 
LL.D., F.R.A.S. Enlarged by HENRY Law, C.E. 4th Edition, 
carefully revised and corrected by J. R. YOuNG, formerly Profes- 
sor of Mathematics, Belfast Coll. With 13 Plates. 8vo, 1/. 1s. cloth. 
“* The engineer or architect will here find ready to his hand, rules for solving nearly 
every mathematical difficulty that may arise 1n his practice. The rules are in all cases 


explained by means of examples clearly worked out.” —Buzlder. 
** One of the most serviceable books for practical mechanics.... "—Bxilding News. 


Lhe Metric System. 
A SERIES OF METRIC TABLES, in which the British 
Standard Measures and Weights are compared with those of the 
Metric System at present in use on the Continent. By C. H. 
DowLING, C.E, 2nd Edit., revised and enlarged. 8vo, 10s. 6d. cl. 
‘Their accuracy has been certified by Prof. Airy, Astronomer-Royal.”— Buslder, 


Inwood’s Tables, greatly enlarged and improved. 
TABLES FOR THE PURCHASING of ESTATES, Freehold, 
Copyhold, or Leasehold; Annuities, Advowsons, &c., and for the 
Renewing of Leases held under Cathedral Churches, Colleges, or 
other corporate bodies; for Terms of Years certain, and for Lives ; 
also for Valuing Reversionary Estates, Deferred Annuities, Next 
Presentations, &c., together with Smart’s Five Tables of Compound 
Interest, and an Extension of the same to Lower and Intermediate 
Rates. By WILLIAM INWOOD, Architect. The 21st edition, with 
considerable additions, and new and valuable Tables of Logarithms 
for the more Difficult Computations of the Interest of Money, Dis- 
count, Annuities, &c., by M. F&por THOMAN, cf the Société 
Crédit Mobilier of Paris, r2mo, 8s. cloth. 

‘* Those interested in the purchase and sale of estates, and in the adjustment of 
compensation cases, as well as in transactions in annuities, life insurances, &c., will 
find the present cdition of eminent service.” —ngincering. 


Geometry for the Architect, Engineer, &c. 
PRACTICAL GEOMETRY, for the Architect, Engineer, and 
Mechanic ; giving Rules for the Delineation and Application of 
various Geometrical Lines, F ae and Curves. By E. W. TARN, 
M.A., Architect, Author of ‘‘ The Science of Building,” &c. 
With 164 Illustrations, Demy 8vo. 12s. 6d. cloth. 


witebleniatical [nstrumcnts. 
MATHEMATICAL INSTRUMENTS:  TheirggConstruction, 
Adjustment, Testing, and Use; comprising Drawffig, Measuring, 
Optical, Surveying, and Astronomical Instrumghts. By J. F 
HEATHER, M.A. Enlarged Edition, for the most part entirely 
re-written. Numerous Woodcuts. 12mo, 55. cloth. 
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Compound Interest and Annuities. 


THEORY of COMPOUND INTEREST and ANNUITIES ; 
with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c., in all their Applications and 
Uses for Mercantile and State Purposes. By F&por THOMAN, 
of the Société Crédit Mobilier, Paris. 3rd Edit., 12mo, 45. 6d. cl. 


** A very powerful work, and the Author has a very remarkable command of his 
subject.”—Professor A. de Mo 


an, 
lron and Metal Trades Calculator. 


THE IRON AND METAL TRADES’ COMPANION : 
Being a Calculator containing a Series of Tables upon a new and 
comprehensive plan for expeditiously ascertaining the value of any 
goods bought or sold by weight, from 1s. per cwt. to 1125. per 
cwt., and from one farthing per Ib. to 1s. per Ib. Each Table ex- 
tends from one Ib. to100 tons. ByT. DOWNIE. 396 pp., 95., leather. 


*“* A most useful set of tables, and will supply a want, for nothing like them before 
existed.”"—Butlding News. 


Lyon and Steel. 


‘IRON AND STEEL’: a Work for the Forge, Foundry, 
Factory, and Office. Containing Information for Ironmasters and 
their Stocktakers ; Managers of Bar,’ Rail, Plate, and Sheet Rolling 
Mills ; Iron and Metal Founders ; Iron Ship and Bridge Builders ; 
Mechanical, Mining, and Consulting Engineers ; Architects, Builders, 
&c, By CHARLES HoaRE, Author of ‘The Slide Rule,’ &c. Eighth 
Edition. With folding Scales of ‘‘ Foreign Measures compared 
with the English Foot,” and ‘‘ fixed Scales of Squares, Cubes, 
and Roots, Areas, Decimal Equivalents, &c.”” Oblong, 32mo, 6s., 
leather, elastic-band. 
“ For comprchensiveness the book has not its equal.” —Jrou. 
Comprehensive Weight Calculator. 

THE WEIGHT CALCULATOR;; being a Series of Tables 
upon a New and Comprehensive Plan, exhibiting at one Reference 
the exact Value of any Weight from rlb. to 15 tons, af 300 Pro- 
gressive Rates, from 1 Penny to 168 Shillings per cwt., and con- 
taining 186,000 Direct Answers, which, with their Combinations, 
consisting of a single addition (mostly to be performed at sight), 
will afford an aggregate of 10,266,000 Answers ; the whole being 
calculated and designed to ensure Correctness and promote 
Despatch. By HENRY HARBEN, Accountant, Shefheld. New 
Edition. Royal 8vo, 1/. 5s., strongly half-bound. 


Comprehensive Discount Guide. 


THE DISCOUNT GUIDE: comprising several Series of Tables 
for the use of Merchants, Manufacturers, Ironmongers, and others, 
by which may be ascertained the exact profit arising from any mode 
of using Discounts, either in the Purchase or Sale of Goods, and 
the method of either Altering a Rate of Discount, or Advancing a 
Price, so as to produce, by one operation, a sum that will reali 
any reqred profit after allowing one or more Discounts : ethic 
are ad@il Tables of Profit or Advance from 1} to 90 per cent., 
Tables o¥Piscount from 1} to 98% per cent., and Tables of Commis- 
sion, &c.,\:om § to 10 per cent. By HENRY HARBEN, Accountant. 
New Edition, Demy 8vo. £1 5§s., half-bound. 
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Dentistry. te 
MECHANICAL DENTISTRY. A Practical Treatise on the 
Construction of the various kinds of Artificial Dentures. Com- 
prising also Useful Formuls, Tables, and Receipts for Gold 
Plate, Clasps, Solders, etc., etc. By CHARLES HUNTER. With 
numerous Wood Engravings. Crown 8vo, 7s. 6d. Cloth. 

** The work is very practical ’—Monthly Review of Dental Surgery. 

“‘An authoritative treatise ..... We can strongly recommend Mr. Hunter's 
treatise to all students prepanas for the profession of dentistry, as well as to every 
mechanical dentist.”—Dublin Fournal ef Medical Science. 

‘** The best book on the subject with which we are acquainted.”—Med:cal Press 
and Circular. 


Brewing. 


A HANDBOOK FOR YOUNG BREWERS. By HeErserr 
EDWARDS WRIGHT, B.A. Crown 8vo, 35. 6d. cloth. 
‘‘ A thoroughly scientific treatise in popular language. It is evident that the 
author has mastered his subject in its scientific aspects." —Morning Advertiser. 
**'We would particularly recommend teachers of the art to place it in every pupil’s 
hands, and we feel sure its perusal will be attended with advantage."—Brewer. 


Gold and Gold-Working. 


THE PRACTICAL GOLD-WORKER; or, The Goldsmith’s 
and Jeweller’s Instructor. The Art of Alloying, Melting, Re- 
ducing, Colouring, Collecting and Refining. The processes of 
Manipulation, Recovery of Waste, Chemical and Physical Pro- 
perties of Gold, with a new System of Mixing its Alloys ; Solders, 
Enamels, and other useful Rules and Recipes, &c. By GEORGE 


E. Gee. Crown 8vo, 7s. 6d. cloth. 

‘A good, sound, technical educator, and will be generally accepted as an 
authority It gives full particulars for mixing alloys and enamels, is essentiallya book 
for the workshop, and exactly fulfils the purpose intended.”—Hovrological Fournal. 

‘* The best work yet printed on its subject for a reasonable price We have no 
doubt that 1t will speedily become a standard book which few will care to be with- 
out.” —Feweller and Metalworker. 

‘* We consider that the trade owes not a little to Mr. Gee, who has in two volumes 
compressed almost the whole of its literature, and we doubt not that many a youn 
beginner will owe a part of his future success to a diligent study of the pages whic 
are peculiarly well adapted to his use.” —Clerkentuell Press. 

“It is essentially a practical manual, intended primarily for the use of working 
jewellers, but is well adapted to the wants of amateurs and apprentices, containing, 
as it Apa trustworthy information that only a practical man can supply.” —Laglesh 
Mechanic. 


Szlver and Silver Working. 


THE SILVERSMITH’S HANDBOOK, containing full In- 
structions for the Alloying and Working of Silver, including the 
different modes of refining and melting the metal, its solders, the 
preparation of imitation alloys, methods of manipulation, preven- 
tion of waste, instructions for improving and finishing the surface 
of the work, together with other useful information and memoranda. 
By Grorcr E. GEE, Jeweller, &c. Crown 8vo, 7s. 6d. cloth. 
‘This work is destined to take up as good a position in technical literature as the 
ox cal Galdworker, a book which has passed through the ordeal of critical ex- 
amin nd business tests with great success.” —Feweller and Metalypurker. 
“The chief merit of the work is its practical character. . . . “[@ workers in 
the trade will speeaily discover its merits when they sit down to st tam English 


Alechantr. 
‘¢This work forms a valuable sequel to the author’. Practical Foldworker, and 
supplies a want long felt in the silver trade."—Silversmith’s Trade Journal. 
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Electric Lighting. 
ELECTRIC LIGHT : Its Production and Use, embodying plain 
Directions for the Working of Galvanic Batteries, Electric Lamps, 
and Dynamo-Electric Machines. By J. W. URQUHART, C. E,, 
Author of ‘‘ Electroplating : a Practical Handbook.” Edited by 
F. C. Wess, M.I.C.E., M.S.T.E., With 94 Illustrations. 
Crown 8vo, 7s. 6d. cloth. [Sust published. 
“Tt is the only work at present available, which gives in language intelligible for 
the most part to the ordinary reader, a general but concise history of the means 
which have been adopted up to the present time in producing the electric light.”— 
Metropolitan, 
“*An important addition to the literature of the electric light. Students of the 
subject should not fail to read it." —Colliery Guardian 
‘* As a popular and practical treatise on the subject, the volume may be thoroughly 
recommended.” —Lr7stol Mercury. 


Llectrotyping, ete. 
ELECTROPLATING: A Practical Handbook, including the 
Practice of Electrotyping. By J. W. UrquuHart, C.E. With 


numerous Illustrations. Crown 8vo, 5s. cloth. 

‘*The volume is without a rival in its particular sphere, and the lucid style in 
which it is written commends it to those amateurs and experimental electrotypers 
who have but shght, if any, knowledge of the processes of the art to which they turn 
their attention.”— Design and Work, 

‘* A large amount of thoroughly practical information.” —Zelegraphi Yournal, 

‘© An excellent practical manual.” —LZugincering. 

‘The information given appears to be based on direct personal knowledge. . . . 
Its science 1s sound, and the style 15 always clear.” — Atheneum. 

‘‘ Any ordinarily intelligent person may become an adept in electro-deposition 
us a Bid little science indeed, and this 19 the book to show him or her the way.” 
—Builder, 


The Military Sciences. 
AIDE-MEMOIRE to the MILITARY SCIENCES. Framed 
from Contributions of Officers and others connected with the dif- 
ferent Services, Originally edited by a Committee of the Corps of 
Royal Engineers, Second Edition, most carefully revised by an 
Officer of the Corps, with many additions ; containing nearly 350 
Engravings and many hundred Woodcuts. 3 vols, royal 8vo, extra 
cloth boards, and lettered, 4/. Ios. 
‘*A compendious encyclopsedia of military knowledge.”—Zdinburgh Review, 
** The most comprehensive work of reference to the military and collateral sciences.’’ 
—Volunteer Service Gazette. 


field Fortification. 
A TREATISE on FIELD FORTIFICATION, the ATTACK 
of FORTRESSES, MILITARY MINING, and RECON. 
NOITRING. By Colonel I. S. MacautLay, late Professor of 
Fortification in the R. M. A., Woolwich. Sixth Edition, crown 
8vo, cloth, with separate Atlas of 12 Plates, 125. complete, 


Dye-Wares and Colours. | 
THE MANUAL of COLOURS and ee their 
Properties, Applications, Valuation, Impurities, and Sophisticatiqn ye 
For Qe Use of Dyers, Printers, Drysalters, Brokers, eae te! : 


W. SMiTER. Post 8vo, 75. 6¢. cloth. 
“A comple&s encyclopedia of the materia tinctoria. The information is full 
and precise, andthe methods of determining the value of articles liable to sophistica- 
thon, are practical as well as valuable,”—Chemist and Druggist. 
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Lhe Alkalt Trade—Sulphuric Acid, ete. 


A MANUAL OF THE ALKALI TRADE, including the 
Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching 
Powder. By JoHN Lomas, Alkali Manufacturer, Newcastle-upon- 
Tyne and London. With 232 Illustrations and Working Draw- 
ings, and containing 386 pages of text. Super-royal 8vo, 
2/ 12s. 6d. cloth. ( Fust published. 


This work provides (1) a Complete Handbook for intending Alkali and Sulphuric 
Acid Manufacturers, and for those already in the field who desire to wunprove their 
plant, or to become practically acquainted with the latest processes and developments 
of the trade ; (2) a Handy Volume which Manufacturers can put into the hands of 
their Managers and Foremen asa useful guide in their daily rounds of duty. 


Synopsis oF CoNTENTS. 


Chap. I. Choice of Site and General 
Plan of Works—II. Sulphuric Acid— 
III. Recovery of the Nitrogen Com- 
pounds. and ‘Treatment of Small Pyrites 
—IV, ‘The Salt Cake Process—V. Legis- 
lation upon the, Noxious Vapours Ques- 
tion—-VI. The Hargreaves’ and Jones’ 
Processes—VII. The Balling Process— 
VIII. Lixiviation and Salting Down— 


1X. Carbonating or Finishing—X. Soda 
Crystals — XI. Refined Alkali — XII. 
Caustic Soda — XIII. Bi-carbonate of 
Soda — X1V. Bleaching Powder—~ XV. 
Utilisation of Tank Waste—XVI General 
Remarks—Four Appendices, treaung of 
Yields, Sulphuric Acid Calculations, Ane- 
mometers, and Foreign Legislation upon 
the Noxious Vapours Question. 


‘““The author has given the fullest, most practical, and, to all concerned in the 
alkali trade, most valuable mass of information that, to our knowledge, has been 
published in any language.” —~—Lugincer. 

** This book is written by a manufacturer for manufacturers. The working details 
of the most approved forms of apparatus are given, and these are accompanied by 
no less than 232 wood engravings, all of which may be used for the purposes of con- 
struction. Every step in the manufacture 1s very fully described in this manual, and 
each improvement eaplained. Everything which tends to introduce economy into 
the technical details ot this trade receives the fullest attention. The bouk has been 
produced with great completeness.” —<l thenaum. 

“*The author 1s not one of those clever compilers who, on short notice, will ‘ read 
up’ any conceivable subject, but a practical man in the best sense of the word. We 
find here not merely a sound and luminous explanation of the chemical principles of 
the trade, but a notice of numerous matters which have a most important bearing 
on the successful conduct of alkali works, but which are generally overlooked by 
even the most eaperienced technological authors This most valuable book, which 
we trust will be generally appreciated, we must pronounce a credit alike to its author 
and to the enterprising firm who have undertaken its publication,”—Chemecad 


Review. 


Chemical Analysis. 


THE COMMERCIAL HANDBOOK of CHEMICAL ANA. 
LYSIS; or Practical Instructions for the determination of the In- 
trinsic or Commercial Value of Substances used in Manufactures, 
in Trades, and in the Arts. By A. NoRMANDY, Author of ‘‘ Prac. 
tical Introduction to Rose’s Chemistry,’’ and Editor of Rose’s 
‘¢ Treatise on Chemical Analysis.” Mew Zdition. Enlarged, and 
to a great extent re-written, by HENRY M, Noa, Ph. D., F.R.S. 

With numerous Illustrations. Cr. 8vo, 125. 6a. cloth. 

i ok to the careful sal of ev si 

Re Re ee niversal mterest, and we atroagly recontmend it np 
ide, alike indispensable to the housewife as to the pharmaceutical titioner,”— 


edical Times. ; 
‘« Essential to the analysts appointed under the new Act. The mo recent results 


are given, and the work 1s well edited and carefully written." —NVac§Fe. 
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Dr. Lardner’'s Museum of Science and Art. 


THE MUSEUM OF SCIENCE AND ART. Edited by 
DIONYsIUS LARDNER, D.C.L., formerly Professor of Natural Phi- 
losophy and Astronomy in University College, London. With up- 
wards of 1200 Engrayings on Wood. In 6 Double Volumes. 
Price £1 Is., in a new and elegant cloth binding, or handsomely 
bound in half morocco, 31s. 6d. 


OPINIONS OF THE PRESS. 


‘* This series, besides affording popular but sound instruction on scientific subjects, 
with which the humblest man in the country ought to be acquainted, also undertakes 
that teaching of ‘common things’ which every well-wisher of his kind is anxious to 
promote. Many thousand copies of this serviceable publication have been printed, 
in the belief and hope that the desire for instruction and improvement widely pre- 
vails; and we have no fear that such enlightened faith will meet with disappoint- 
ment.” — 73s. 

‘** A cheap and interesting publication, alike informing and attractive The papers 
combine subjects of importance and great scientific knowledge, considerable induc- 
tive powers, and a popular style of treatment.” —S/ectator. 

‘““The ‘Museum of Science and Art’ 1s the most valuable contribution that has 
ever been made to the Scientific Instruction of every class of society.” —Six David 
Brewster in the North British Review. 

‘*Whether we consider the liberality and beauty of the illustrations, the charm of 
the writing, or the durable interest of the matter, we must express our belief that 
there 1s hardly to be found among the new books, one that would be welcomed by 
people of so many ages and classes as a valuable present.”—A.xaminer. 


** Separate books formed from the above, suitable for Workmen's 
Libraries, Science Classes, &°t. 


COMMON THINGS EXPLAINED. Containing Air, Earth, Fire, 
Water, Time, Man, the Eye, Locomotion, Colour, Clocks and 
Watches, &c. 233 Illustrations, cloth gilt, 5s. 

THE MICROSCOPE. Containing Optical Images, Magnifying 
Glasses, Origin and Description of the Microscope, Microscopic 
Objects, the Solar Microscope, Microscopic Drawing and Engrav- 
ing, &c. 147 Illustrations, cloth gilt, 2s. 

POPULAR GEOLOGY. Containing Earthquakes and Volcanoes, 
the Crust of the Earth, etc. 201 Illustrations, cloth gilt, 25. 6d, 

POPULAR PHYSICS. Containing Magnitude and Minuteness, the 
Atmosphere, Meteoric Stones, Popular Fallacies, Weather Prog- 
nostics, the Thermometer, the Barometer, Sound, &c. 85 Illus- 
trations, cloth gilt, 25. 6d. 

STEAM AND ITS USES. Including the Steam Engine, the Lo- 
comotive, and Steam Navigation. 8g Illustrations, cloth gilt, 2s. 

POPULAR ASTRONOMY. Containing How to Observe the 
Heavens. The Earth, Sun, Moon, Planets. Light, Comets, 
Eclipses, Astronomical Influences, &c. 182 Illustrations, 45. 6d. 

THE BEE AND WHITE ANTS: Their Manners and Habits, 
With Illustrations of Animal Instinct and Intelligence. 135 Illus- 
trations, cloth gilt, 2s. _ 

THE EL&CTRIC TELEGRAPH POPULARISED. To render 
intelligRJe to all who can Read, irrespective of any previous Scien- 
tific Ac yirements, the various forms of Telegraphy in Actual 
Operatio#: 100 Illustrations, cloth gilt, 15. 6¢, 
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Dr. Lavdner's Handbooks of Natural Philosophy. 


"2" The following five volumes, though each is Complete in itself, and to be pur 
chased Spare: Jorm A CuMPLETE Course or NATURAL PHILOSOPHY, and are 
intende Sid the general reader who desires to attain atcurate knowledge of the 
various departments of Physical Science, without pursuing them according to the 
more profound methods of mathematical investigation. The style is studtousl 
popular, It has been the author's aim to supply Manuals such as are required by 
the Student, the Enginecr, the Artisan, and the superior classes in Schools, 


THE HANDBOOK OF MECHANICS. Enlarged and almost 
rewritten by BENJAMIN Lorwy, F.R.A.S. With 378 Illustra- 
tions. Post 8vo, 6s. cloth. 

‘*The perspicuity of the original has been retained, and chapters which had 
become obsolete, have been replaced by others of more modern character. The 
explanations throughout are studiously popular, and care has been taken to show 
the application of the various branches of physics to the industrial arts, and to 
the practical business of life.”--Mining Fournal, 

THE HANDBOOK of HYDROSTATICS and PNEUMATICS. 
New Edition, Revised and Enlarged by BENJAMIN LOEWy, 
F.R.A.S. With 236 Illustrations. Post 8vo, 5s. cloth. 


‘* For those ‘ who desire to attain an accurate knowledge of physical science with- 
out the profound methods of mathematical investigation,’ this work is not merely 1n- 
tended, a well adapted.”—Chemizcal News. ; 

THE HANDBOOK OF HEAT. Edited and almost entirely 
Rewritten by BENJAMIN LoEwy, F.R.A.S., etc. 117 Illustra- 
tions. Post 8vo, 6s. cloth. 

“The style is always clear and precise, and conveys instruction without leaving 
any cloudiness or lurking doubts behind.” —LZugencering, : 

THE HANDBOOK OF OPTICS. New Edition. Edited by 
T. OLVER HARDING, B.A. 298 Illustrations, Post 8vo, 5s. cloth. 

“Written by one of the ablest English scientific writers, beautifully and elaborately 
illustrated.”— Mechanics’ Magaatne. 

THE HANDBOOK OF ELECTRICITY, MAGNETISM, and 
ACOUSTICS. New Edition. Edited by GEo,. CAREY FOSTER, 
B.A., F.C.S. With 400 Illustrations. Post 8vo, 5s. cloth. 

“‘ The book could not have been entrusted to any one better calculated to preserve 
the terse and lucid style of Lardner, while correcting his errors and bringing up his 
work to the present state of scientific knowledge.” —Popular Science Review, 


\Dr. Lardner's Handbook of Astronomy. 


THE HANDBOOK OF ASTRONOMY. Forming a Com- 
panion to the ‘‘ Handbooks of Natural Philosophy.” By Diony- 
srus LARDNER, D.C.L., formerly Professor of Natural Philosophy 
and Astronomy in University College, London. Fourth Edition. 
Revised and Edited by EpwIn DUNKIN, F.R.S., Royal Observa- 
tory, Greenwich. With 38 Plates and upwards of 100 Woodcuts. 

In 1 vol., small 8vo, 550 pages, 9s. 6d., cloth. 
‘Probably no other book contains the same amount of information in so com- 
pendious and well-arranged a form—certainly none at the price at which this is 


' offered to the public.” —A theneum. ; 
‘* We can do no other than pronounce this work a most valuable manual of astro- 


nomy, and we strongly recommend 1t to all who wish to acquire a general—but at 
the same time correct—acquaintance with thissubhime science.”- Quarterly Journal 


of Seence. 


ty dncr's Handbook of Animal Physics. 
THE HANDBOOK OF ANIMAL PHYSICSM By Dr. 
LARDNER. With 520 Iilustrations. New editiong/small 8vo, 


cloth, 732 pages, 75. 6d. 
“We eee din See cordially recommending it." —Aducatsonal Times. 
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Dr. Larducr’s School Handbooks. 


NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. LARDNER. 
328 Illustrations, Sixth Edition. 1 vol. 3s. 6d. cloth. 


‘*Conveys, in clear and precise terms, general notions of all the principal -divigions 
of Physi cience.”—Aritish Quarterly Review 


ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. LARDNER. 
With 190 Illustrations. Second Edition. 1 vol. 3s. 6d. cloth. 


*“Clearly written, well arranged, and excellently illustrated.”—Gardeners' Chronicle 


Dr. Lardner’s Electric Telegraph. 


THE ELECTRIC TELEGRAPH. By Dr. LarpNER. New 
Edition. Revised and Re-written, by E. B. Bricut,F.R.A.S. 
140 Illustrations. Small 8vo, 2s. 6d. cloth. 

«One of the most readable books extant on the Electric Telegraph,” Eng. Mechanic. 


Electricity. 
A MANUAL of ELECTRICITY ; including Galvanism, Mag- 
netism, Diamagnetism, Electro-Dynamics, Magneto-Electricity, and 
the Electric Telegraph. By HENRY M. Noap, Ph.D., F.C.S. 
Fourth Edition, with 500 Woodcuts. 8vo, 1/. 4s. cloth. 
‘‘ The accounts given of electricity and galvanism are not only complete in a scientific 


? 


sense, but, which is a rarer thing, are popular and interesting.”—Lancet. 


Text-Book of Electricety. 


THE STUDENT’S TEXT-BOOK OF ELECTRICITY. By 
HENRY M. Noap, Ph.D., F.R.S., F.C.S. New Edition, care- 
fully Revised. With an Introduction and Additional Chapters 
by W. H. Preecr, M.I.C.E., Vice-President of the Society ot 
Telegraph Engineers, &c. With 470 Illustrations. Crown 8vo, 
12s. 6d. cloth. [ ust published. 

“A reflex of the existing state of Electrical Science adapted for students.” — 
W. H. Preece, Esq., vide *‘ Introduction.” 

‘We can recommend Dr. Noad’s book for clear style, great range of subject, a 
good index, and a plethora of woodcuts. Such collections as the present are indis- 
pensable.”—~4 theneunt. 

“* An admirable text-book for every student—beginner or advanced—of electricity.” 
—Engineering. 

‘* A most elaborate compilation of the facts of electricity and magnetism. ”"—Pofudar 
Setence Review. 

‘*May be recommended to students as one of the best text-books on the subject 
that they can have. . . . Mr. Preece appears to have introduced all the newest 
inventions in the shape of telegraphic, telephonic, and electric-lghting apparatus.”— 
English Mechanic. ; 

** The work contains everything that the student can require, it is well illustrated, 
Clearly written, and possesses a good index.” —Academy. 

‘** One of the best and most useful compendiums of any branch of science in our 
literature.”—Jrov. 

“Under the editorial hand of Mr. Preece the late Dr. Noad’s text-book of elec: 
tricity has grown into an admirable handbook.” — Westminster Review. 


Geology and Genesis. 


THE TWIN RECORDS OF CREATION ; or, Geolo 
Genesis, their Perfect Harmony and Wonderful C . 
GEOR QE W. VICTOR LE VAUX. Numerous Illustrations. Fcap. 8vo, 









ntribution to the evidences of revelation. and disposes very conclu- 
sively of the argaments of those who would set God’s Works against God's Word, 
No real diffitulty is shirked, and no sophistry is left unexposed."——Fhke Rock, 
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Scienge and Scripture. 

SCIENCE ELUCIDATIVE OF SCRIPTURE, AND NOT 
ANTAGONISTIC TO IT; being a Series of Essays on—t1. 
Alleged af dea ona z. The Theory of the Geologists and 
Figure of the Earth ; 3. The Mosaic Cosmogony ; 4. Miracles in 
Sacer ie of Hume and Powell; 5. The Miracle of Joshua— 

iews of Dr. Colenso: The Supernaturally Impossible ; 6. The 
Age of the Fixed Stars, &c. By Prof. J.R. Younc. Feap. 5s. cl. 


Geology. 
A CLASS-BOOK OF GEOLOGY. Consisting of ‘‘ Physical 
Geology,” which sets forth the Leading Principles of the Science ; 
and ‘‘ Historical Geology,” which treats of the Mineral and Organic 
Conditions of the Earth at each successive epoch, especial reference 
being made to the British Series of Rocks. By RALPH TaTr. 
With more than 250 Illustrations. Fcap. 8vo, 5s. cloth. 


Practical Philosophy. 
A SYNOPSIS OF PRACTICAL PHILOSOPHY. By Rev. 
JouNn Carr, M.A,, late Fellow of Trin. Coll., Camb. 18mo, 5s. cl. 


Mollusca. 
A MANUAL OF THE MOLLUSCA; being a Treatise on 
Recent and Fossil Shells. By Dr. S. P. Woopowarp, A.L.S. 
With Appendix by RALPH TaTE, A.L.S., F.G.S. With numer- 
ous Plates and 300 Woodcuts. 3rd Edition. Cr. 8vo, 75. 6d. cloth. 


Clocks, Watches, and Belts. 
RUDIMENTARY TREATISE on CLOCKS, and WATCHES, 
and BELLS. By Sir EpMuUND BECKETT, Bart. (late E. B. 
Denison), LL.D., Q.C., F.R.A.S. Sixth edition, revised and en- 


larged. Limpcloth (No. 67, Weale’s Series), 45. 6d.; cloth bds. 5s. 6a. 
“Asa oleae and practical treatise it is unapproached.”—Luglish Mechanic. 
‘©The best work on the subject probably extant. The treatise on bells is un- 


doubtedly the best in the language "—ngineering. 
**The only modern treatise on clock-making.”—-Horological Fournal. 


Grammar of Colouring. 
A GRAMMAR OF COLOURING, applied to Decorative 
Painting and the Arts. By GEORGE FIELD. New edition, en- 
larged. By Euuis A. Davipson. With new Coloured Diagrams 
at Engravings. 12mo, 3s. 6d. cloth. 

‘¢ The book is a most useful résumé of the properties of pigments.” —Buzlder, 

Pictures and Painters. 
THE PICTURE AMATEUR’S HANDBOOK AND DIC. 
TIONARY OF PAINTERS: A Guide for Visitors to Picture 
Galleries, and for Art-Students, including methods of Painting, 
Cleaning, Re-Lining, and Restoring, Principal Schools of Painting, 
Copyistsand Imitators. By PHILIPPE DARYL, B.A. Cr.8vo, 3s. 64. cl. 


1 Marbles (Imitation of). 
sunuvux. OF PAINTING FOR THE IMITATION OF 
WOODS AND MARBLES, as Taught and Practis@fby A. R. 
and P. VAN DER BurG, Directors of the Rotterd Painting 
Institution. Illustrated with 24 full-size Coloured @lates; also 
12 Plain Plates, comprising 154 Figures. Folio, 2/. 125. @¥, bound, 
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Delamotte's Works on Illumination & A lphabets. 


A PRIMER OF THE ART OF ILLUMINATION ; for the 
use of Beginners: with a Rudimentary Treatise on the Art, Prac- 
tical Directions for its Exercise, and numerous Examples taken 
from Illuminated MSS., printed in Gold and Colours. By F. DELA- 
MOTTE. Small 4to, 9s. Elegantly bound, cloth antique. 

** The examples of ancient MSS. recommended to the student, which, with much 
good sense, the author chooses from collections accessible to all, are selected with 
1udgment and knowledge, as well as taste.”-—A thenaum, 

ORNAMENTAL ALPHABETS, ANCIENT and MEDIAEVAL ; 
from the Eighth Century, with Numerals ; including Gothic, 
Church-Text, German, Italian, Arabesque, Initials, Monograms, 
Crosses, &c. Collected and engraved by F. DELAMOTTE, and 
printed in Colours. New and Cheaper Edition. Royal 8vo, 
oblong, 2s. 6¢. ornamental boards. 

‘¢ For those who insert enamelled sentences round gilded chalices, who blazon shop 
legends over shop-doors, who letter church walls with pithy sentences from the 
Decalogue, this book will be useful.” —A theneum. 

EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA- 
MENTAL; including German, Old English, Saxon, Italic, Per- 
spective, Greek, Hebrew, Court Hand, Engrossing, Tuscan, 
Riband, Gothic, Rustic, and Arabesque, &c., &c. Collected and 
engraved by F, DELAMOTTE, and printed in Colours. New and 
Cheaper Edition. Royal 8vo, oblong, 2s. 6c. ornamental boards. 

‘¢ There 1s comprised init every possible shape into which the letters of the alphabet 
and numerals can be formed,”—Standard, 

MEDILZVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NATORS. By F. DELAMOTTE. Containing 21 Plates, and 
Illuminated Titie, printed in Gold and Colours. With an Intro- 
duction by J. WILLIs Brooks. Small gto, 6s. cloth gilt. 

THE EMBROIDERER’S BOOK OF DESIGN ; contaiming Initials, 
Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesias- 
tical Devices, Medizeval and Modern Alphabets, and National 
Emblems. Collected and engraved by F. DELAMOTTE, and 
printed in Colours, Oblong royal 8vo, 15, 6d. in ornamental boards. 


Wood-Carving. 
INSTRUCTIONS in WOOD-CARVING, for Amateurs; with 
Hints on Design, By A LapDy. In emblematic wrapper, hand- 
somely printed, with Ten large Plates, 2s. 6d. 


“The handicraft of the wood-carver, so well as a book can impart it, may be learnt 
from ‘ A Lady’s’ publication.” —A thenaeum. 


Popular Work on Painting. 
PAINTING POPULARLY EXPLAINED; with Historical 
Sketches of the Progress of the Art. By THOMAS JOHN GULLICK, 
Painter, and JoHN Timss, F.S.A. Fourth Edition, revise ie 
enlarged. With Frontispiece and Vignette. In small Soph ; 
* NG Ais Work has been adopted as a Prize-book in the Schools of 


Art at yuth Kensington. 
** Contains a ¢ amount of original matter, agreeably conveyed.” —Buzlder. 
** Much may Bz learned, even by those who fancy they do not require to be taught, 
from the caréful perusal of this unpretending but comprehensive treatise,”—-A rt Fournal. 


PUBLISHED BY CROSBY LOCKWOOD & CO. 29 


AGRICULTURE, GARDENING, ETC. 





Youatt and Burn’s Complete Grazier. 


THE COMPLETE GRAZIER, and FARMER’S and CATTLE: 
BREEDER’S ASSISTANT. A Compendium of Husbandry, 
By Wiiiiam YouatTt, Esq., V.S. 12th Edition, very con- 
siderably enlarged, and brought up to the present requirements of 
agricultural practice. By ROBERT ScoTT BuRN. One large 8vo. 
volume, 860 pp. with 244 Illustrations. 1/. 1s. half-bound. 

** The standard and text-book, with the farmer and grazier.”"—Farmer’s Magasine. 


‘* A treatise which will remain a standard work on the subject as long as British 
agriculture endures,"—Mark Lane Express. 


Listory, Structure, and Diseases of Sheep. 
SHEEP ;x THE HISTORY, STRUCTURE, ECONOMY, 
AND DISEASES OF. By W. C. Spooner, M.R.V.C., &c. 
Fourth Edition, with fine engravings, including specimens of New 
and Improved Breeds. 366 pp., 45. cloth. 


Production of Meat. 


MEAT PRODUCTION. A Manual for Producers, Distributors, 
and Consumers of Butchers’ Meat. Being a treatise on means of 
increasing its Home Production. Also comprehensively treating 
of the Breeding, Rearing, Fattening, and Slaughtering of Meat- 
yielding Live Stock ; Indications of the Quality ; Means for Pre- 
serving, Curing, and Cooking of the Meat, etc. By JoHN EWART. 
Numerous Illustrations, Cr. 8vo, 5s. cloth. 


‘** A compact and handy volume on the meat question, which deserves serious and 
thoughtful consideration at the present time.” —Alvat and Prowsion Trades Review. 


Donaldson and Burn's Suburban Farming. 
SUBURBAN FARMING. A Treatise on the Laying Out and 
Cultivation of Farms adapted to the produce of Milk, Butter and 
Cheese, Eggs, Poultry, and Pigs. By the late Professor JoHN 
DONALDSON. With considerable Additions, Illustrating the more 
Modern Practice, by Rk. Scorr BURN. With Illustrations, Crown 
8vo, 6s, cloth. 


Modern Farming. 


OUTLINES OF MODERN FARMING. By R. Scotr Burn, 
Soils, Manures, and Crops—Farming and Farming Economy— 
Cattle, Sheep, and Horses—Management of the Daury, Pigs, and 
Poultry —Utilisation of Town Sewage, Irrigation, &c. New Edition, 
In 1 vol. 1250 pp., half-bound, profusely illustrated, 12s, 

‘‘There is sufficient stated within the limits of this treatise to prevent a farmer 


> 


from going far wrong in any of his operations.”=——Odserver. 


Farnung. 
LESSONS of MY FARM: a Book for Am 
turists, being an Introduction to Farm Practice, in Culture of 
Crops, the Feeding of Cattle, Management of the Mairy, Poultry, 


Pigs, &c. By R, ScoTrT BURN. With numerous IW. ¥cp. 6s. cl. 
‘** Acomplete introduction to the whole round of farming practice.” —John Budi. 
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The Management of Estates. 

LANDED ESTATES MANAGEMENT: Treating of the 
Varieties of Lands, Peculiarities of its Farms, Methods of Farming, 
the Setting-out of Farms and their Fields, Construction of Roads, 
Fences, Gates, and Farm Buildings, of Waste or Unproductive 
Lands, Irrigation, Drainage, Plantation, &c. By R. Scotr Burn. 
Numerous I[llustrations. Second Edition, 12mo, 3s. cloth. 

‘* A complete and comprehensive outline of the duties appertaining to the manage- 


ment of landed estates.’’— Yous nal of Forestry. 
** A very useful vade-mecum to such as have the care of land.”—G/Jobe, 


The Management of Farms. 
OUTLINES OF FARM MANAGEMENT, and the Organiza- 
tion of Farm Labour. Treating of the General Work of the Farm, 
Field, and Live Stock, Details of Contract Work, Specialties of 
Labour, Economical Management of the Farmhouse and Cottage, 
and their Domestic Animals. By ROBERT ScoTT Burn, Author 
of **Outlines of Modern Farming,” &c. With numerous I)lustra- 
tions, 12mo, 3s. cloth boards. [Fust published. 


Management of Estates and Farus. 
LANDED ESTATES AND FARM MANAGEMENT. By 
R. ScotT Burn, Author of ‘Outlines of Modern Farming,”’ 
Editor of ‘‘The Complete Grazer,” &c. With Illustrations. 
Consisting of the above Two Works in One vol., 6s. half-bound. 


[Just published. 
Kitchen Gardening. 

KITCHEN GARDENING MADE EASY. Showing how to 

prepare and lay out the ground, the best means of cultivating every 

known Vegetable and Herb, with cultural directions for the 

management of them all the year round. By GEoRGE M. F. 


GLENNY. With Illustrations, 12mo, 2s. cloth boards. 
“As a guide to hardy kitchen gardening, this book will be found trustworthy and 
useful.’"— North British Agriculturis?. 


Culture of Fruit Trees. 


FRUIT TREES, the Scientific and Profitable Culture of. From 
the French of Du BREUIL, revised by GEO, GLENNY. 187 Cuts. 
12mo, 45. cloth. 


Good Gardening. 
A PLAIN GUIDE TO GOOD GARDENING; or, How to 
Grow Vegetables, Fruits, and Flowers. With Practical Notes on 
Soils, Manures, Seeds, Planting, Laying-out of Gardens and 
Grounds, &c. By S. Woop. Third Edition, with considerable 
Additions, &c., and numerous Illustrations. Cr. 8vo, 5s. cloth. 
“A vory 7 Hood book, and one to be highly recommended as a practical guide. 
The practical directions are excellent.” —<A theneum. 


Gainful Gardening. 
MULTUM-IN-PARVO GARDENING; or, How to mg 
Acre d@ Land produce £620 a year, by the Cultivation ‘ 
and Vemtables ; also, How to Grow Flowers in Three Glass 
Houses, #as to realise £176 per annum clear Profit. By SAMUEL 


Woop. }d Edition, revised. Cr. 8vo, 2s. cloth. 
st We are bdund to recommend it as not only suited to the case of the amateur and 
gentleman’s gardener, but to the market grower,”"—Gardener’s Magazine. 
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Bulb Culture. 


THE BULB GARDEN, or, How to Cultivate Bulbous and 
Tuberous-rooted Flowering Plants to Perfection. A Manual 
adapted for both the Professional and Amateur Gardener. 4 
SAMUEL Woop, Author of ‘‘Good Gardening,” etc. Wit 
Coloured Illustrations and Wood Engravings. Cr. 8vo, 3s. 6d. cloth. 


“ The book contains practical suggestions as to the arrangement of the flowers, and 
the growth of flower-roots for the trade, as well as for amusement.” —Saturday Review. 
J 


Tree Planting. 


THE TREE PLANTER AND PLANT PROPAGATOR: 
Deing a Practical Manual on the Propagation of Forest Trees, 
lruit Trees, Flowering Shrubs, Flowering Plants, Pot Herbs, &c. 
Numerous Illustrations. By SAMUEL Woop. 12mo, 2s. 6d. cloth. 


Tree Pruning. 


THE TREE PRUNER: Being a Practical Manual on the 
Pruning of Fruit Trees. Including also their Training and Renova- 
tion, with the best Method of bringing Old and Worn-out Trees 
into a state of bearing; also treating of the Pruning of Shrubs, 
Climbers, and Flowering Plants. With numerous Illustrations. 
By SAMUEL Woop. 12mo, 2s, 6d. cloth. [Fust published. 


Tree Planting, Pruning, & Plant Propagation. 
THE TREE PLANTER, PROPAGATOR, AND PRUNER. 
By SAMUEL Woop, Author of ‘‘ Good Gardening,” &c. Consisting 
of the above Two Works in One Vol., 5s. half-bound. 


Potato Culture. 


POTATOES, HOW TO GROW AND SHOW THEM: A 
Practical Guide to the Cultivation and General Treatment of the 
Potato. By JAMES PINK. With Illustrations. Cr. 8vo, 2s. cl. 


“A well written little volume. The author gives good practical instructions 
under both divisiong of his subject."— Agricultural Gazcite. 


Hudson's Tables for Land Valuers. 


THE LAND VALUER’S BEST ASSISTANT : being Tables, 
on a very much improved Plan, for Calculating the Value of 
Estates. With Tables for reducing Scotch, Irish, and Provincial 
Customary Acres to Statute Measure, &c. By R. HupsSON, C.E. 
New Edition, royal 32mo, leather, gilt edges, elastic band, 45. 


Ewart’s Land Improver’s Pocket-Book. 
THE LAND IMPROVER’S POCKET-BOOK OF FOR. 
MUL, TABLES, and MEMORANDA, required in any Com- 
putation relating to the Permanent Improvement of Landed Pro- 
erty. By JOHN Ewart, Land Surveyor and Agricultural Engineer. 
oyal 32mo, oblong, leather, gilt edges, with elastic band, 4s, 


Complete Agricultural Surveyor's Pocket-Book. 


E LAND VALUER’S AND LAND IMPROVER’S COM- 

E POCKET-BOOK ; consisting of the abor/two works 

bound together, leather, gilt edges, with strap, 75. €4, 
‘We consider Hudson’s book to be the best ready-reckoner on ‘Hatters relating to 
the valuation of land and crops we have ever seen, and its co Mr. 


Ewart’s work ‘pests enhances the value and usefulness of the 
It is most usefu 










ination with 
ttex®mentioned . . 
as a manual for reference.”—North of England Farmer. 


32 WORKS PUBLISHED BY CROSBY LOCKWOOD & CO, 


“A Complete Epitome of the Laws of this 


Country.” 

EVERY MAN’S OWN LAWYER; a Handy-Book of the Prin- 
ciples of Law and Equity. By A BARRISTER. 17th Edition, 
Revised to the end of last Session. Including a Summary of the 
paneipe! Acts of the past Session (1879), viz. :—The Habitual 
runkards Act, the Sale of Food and Drugs Amendment :Act, 
The Limited Liability Amendment Act, The Racecourses Licensing 
Act, &c., &c. With Notes and References to the Authorities. 

Crown 8vo, cloth, price 6s. 8d. (saved at every consultation). 

COMPRISING THE LAWS OF 

Banxrurtcy—BiLis or ExcHancs— , Wife—Executors and Trustees—Guardian 
CONTRACTS AND AGREEMENTS—Copy- and Ward—Marned Women and Infants 
RIGHT—DOWER AND Divorcke—ELsc- , —Partners and Agents—~Lender and Bor- 
TIONS AND REGISTRATION—INSURANCE , rower—Debtor and Creditor—Purchaser 
—LIBEL AND SLANDER—MOoRTGAGES— | and Vendor—Companies and Associations 


SETTLEMENTS — STOCK EXCHANGE Prac- _ —Friendly Societies—Clergymen, Church- 
TICE—TRADE MARKS AND PATENTS— ' wardens—Medical Practitioners, &c. — 
Trespass, NUISANCES, ETC.—TRANSFER | Bankers — Farmers — Contractors—Stock 
or Lanp, rtTc. —WARRANTY— Wits and Share Brokers—Sportsmen and Game- 
AND AGREEMENTS, ETC. Also Law for | keepers—Farriers and Horse-Dealers— 
Landlord and Tenant—Master and Ser- , Auctioneers, Hlouse-Agents—Innkeepers 
vant—Workmen and Apprentices— Heirs, | &c.— Pawnbrokers — Surveyors — Rail- 
i and Legatees—Husband and | ways and Carriers, &c., &c. 

** No Englishman ought to be without this book.” —-Angineer. 
_ “What it professes to be—a complete epitome of the laws of this country, thoroughly 
intelligible to non-professional ers. The book is a handy one to have in readiness 
when some knotty point requires readv solution.” —Bed's Life. 

‘* A concise, cheap, and complete epitome of the English law, so plainly written 
that he who runs may read, and he who reads may understand.”"—/igaro, 

‘* A useful and concise epitome of the law."—Law Magazine. 

‘* Full of information, fitly expressed without the aid of technical expressions, and 
to the general public will, we doubt not, prove of considerable worth.” —~Economiust. 


Auctioneer’s Assistant. 
THE APPRAISER, AUCTIONEER, BROKER, HOUSE 
AND ESTATE AGENT, AND VALUER’S POCKET AS- 
SISTANT, for the Valuation for Purchase, Sale, or Renewal of 
Leases, Annuities, and Reversions, and of property generally ; 
with Prices for Inventories, &c. By JOHN WHEELER, Valuer, &c. 
Fourth Edition, enlarged, by C. Norris. Royal 32mo, oo 55. 


‘* A neat and concise book of reference, containing an admirable and clearly- 
arranged list of prices for mventories, and a very practical guide to determine the 
value of furniture, &c.”—Standard. 


Auctioneering. 
AUCTIONEERS: THEIR DUTIES AND LIABILITIES. 
By Robert Squibss, Auctioneer. Demy 8vo, 10s. 6d. cloth. 


Flouse Property. 
HANDBOOK OF HOUSE PROPERTY : a Popular and Prac- 
tical Guide to the Purchase, Mortgage, Tenancy, and Compulsory 
Sale of Houses and Land ; including the Law of Dilapidations and 
Fixtures; with Explanations and Examples of all kinds of Valyaf 
i d useful Information and Advice on Building, . y"H. L. 
.a Architect and Surveyor. 2nd Edition. 12mo, 3s. 6d. cl. 


‘We are glady 0 be able to recommend it.” —Auslder, 
i roughly practical.” —Law Journal. 









Bindbury, Agnew, & Co., Printers, Whitefriats, London. - 


